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FOREWORD 

The Martin Marietta Thermal Radiation Analyzer System (TRASYS) 
program marks the  f i r s t  instance t h a t  thermal r ad ia t ion  ana lys i s  
has been put on the  same bas i s  as thermal ana lys i s  us ing  program 
systems such as MITAS and SINDA. A s  wi th  these  thermal analyzer  
programs, t h e  use r  is provided t h e  powerful op t ions  of wr i t i ng  
h i s  own execut ive o r  d r i v e r  l og ic  and choosing, among seve ra l  
ava i l ab le  opt ions ,  t he  most d e s i r a b l e  s o l u t i o n  technique(s) f o r  
the  problem a t  hand. I n  add i t ion ,  many f ea tu res  never before  
ava i l ab le  i n  a s ing le  r a d i a t i o n  a n a l y s i s  program are provided. 
Among the  more important are: 

1000 node problem s i ze  capab i l i t y  wi th  shadowing by interven-  
ing opaque o r  semi-transparent sur faces ;  

choice of d i f f u s e ,  specular  o r  d i f fuse / specu la r  r ad ian t  i n t e r -  
change so lu t ions  ; 

capab i l i t y  f o r  t i m e  va r i an t  geometry i n  o r b i t ;  

choice of a n a l y t i c a l l y  determined o r  ex te rna l ly  suppl ied 
shadow d a t a  f o r  environmental f l u x  ca l cu la t ions ;  

form fac to r s  and environmental f luxes  computed us ing  an  in t e r -  
nally-optimized number of sur face  g r i d  elements,  s e l ec t ed  on 
the  bas i s  of user-suppl ied accuracy c r i t e r i a ;  

0 a general  e d i t  capab i l i t y  fo r  updat ing thermal r a d i a t i o n  model 
da t a  s to red  on tape; 

0 a p lo t  package t h a t  provides a p i c t o r i a l  representa t ion  of t he  
u s e r ' s  geometry. 

TRASYS is indebted t o  a number of predecessor programs i n  the 
thermal r ad ia t ion  ana lys i s  f i e l d .  The major con t r ibu to r s  were 
HEATRATE, MTRAP Version 2.0,  RADFAC and t4e  MRI Computer Program 
for  Determining External Radiation Absorbed by the  Apollo Space- 
crclft.  

This report  is a documentation of t he  TMSYS development conducted 
over the time period between J u l y  1 9 7 2  and A p r i l  1974. 

T h i s  repor t  was generated under NASA Contract NAS9-13033,  "Devel- 
opment of a Thermal Radi;ition Analysis/Hcat Rate Computer Program 
System." The technica l  monitoring f o r  :his program was provided 
b y  Fir. Kobert A .  Vogt L ) f  ttle Tliermal Techno logy  Liranch of the 
S t ruc tu res  and Mechanics Division, KASA i.yndon H. Johnson Space 
Center. 
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I. INTRODUCTION 

The Thermal kadiat icn Analysis System, TRASYS, is  a d i g i t a l  
compiltzr sof tware system wi th  general ized capab i l i t y  t o  so lve  
the rad ia t ion- re la ted  aspec ts  of thermal ana lys i s  problems. 

When used i n  conjunction wi th  a qeneral ized thermal analyzer  
program such as  t t  e Systems Improved Numeric11 Differencing Ana- 
lyzer  (SINDA) progra,ii, a t y  thermal prob!em tha t  can be expressed 
i n  t e r n s  of a lumped parameter R-C thermal network can be solve 
The function of TRASYS i s  twofold. It provides:  

a. Internode rad ia t ion  interchange da ta ;  and 

b. Incident  and absorbed heat r a t e  d a t a  from environmental 
rad ian t  heat  sources.  

Data of both types is provided i n  a format d i r e c t l y  usable  by 
the thermal analyzer programs. One of the priniary f ea tu res  of 
TRASYS is  t h a t  i t  allows the  u s e r  to  write h i s  own execut ive o r  
d r ive r  program which organizes and d i r e c t s  the  program l i b r a r y  
rout ine ;  toward so lu t ion  of each s p e c i f i c  problem i n  the most 
expedi t ious manner. The use r  a l s o  may wr i te  h i s  own output 
rout ines ,  t h u s  the system da ta  outpet  can d i r e c ,  -y i n t e r f a c e  wi th  
any thermal analyzer using the R-C network concept. 

Other fea tures  o! I'RASYS include: 

a. 1000 node allowable problem s i z e ;  

b. time var iab le  problem geometry allowed; 

c .  e d i t  capabi l - i ty  allowing the combination o r  separa t ion  
of  mu1 t i p l e  thermal rad ia t ion  models. 

d .  a p l o t  ?ackage that  provides p i c t o r i a l  p l o t s  of input 
:;eornetry and o r b i t  data  a s  well as output da ta .  

The TRASYS system cons is t s  of  two major components: (1) the  
preprocessor,  and (2) the  processor l i b ra ry .  The p repvcesso r  
h a s  two major funct ions.  F i r s t ,  i t  reads and converts the  user ' s  
geometry i n p u t  da ta  i n t o  the form used by t h e  processor l i b r a r y  
roil t ines.  Second, i t  accepts t i i t ,  USPI- ' . . ;  dr iv ing  l o g i t -  W I - ;  t t e n  i n  
t h z  TRASI'S modified FORTKAN languzge t h a t  d i r c c t s  user-provided 
and/or 1ibranV rout ines  i n  t h e  so lu t ion  of the problem. T h e  pro- 
cessor  l i b ra ry  consists of  FORTRAN lanmage rout ines  t h a t  p e r f o n  
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the functions needed by the user. The user has, i n  some cases ,  
a choice of so lut ion techniques t o  perform the same function. 

TRASYS was developed and delivered i n  three increments. These 
three increments, plus program evaluation and optimization com- 
prise the contract statement of work task l i s t .  Tne desc i lp t ive  
material i n  t h i s  report w i l l  address these taskE individual : y .  

2 



11. MTRAP 1.0 CONVERSION AND DELIVERY 

During J u l y  and August of 1972, the thermal r a d i a t i o n  analyzer  
program tha t  has been opera t iona l  and i n  use at Martin Marietta 
s ince  1970 (Reference 1)  was de l ivered  t o  NASA-MSC and made 
opera t iona l  on the  UNIVAC 1108 (Exec I1 operat ing system). This 
del ivery  involved the  completion of t he  following subtasks:  

a. Code was generated t o  t r a n s l a t e  p lo t  rou t ine  commands 
from the  CDC 280 p lo t  package language t o  t h a t  of t he  
Univac 1108 SC4060 p lo t  package language. 

b. Program code w a s  changed t o  make the  program compatible 
wi th  the 36 b i t  Univac word. 
a 60 b i t  word.) 

(The CDC comp.-.ter u t i l i z e s  

c.  Program code changes t o  r e f l e c t  FORTRAN language d i f f e r -  
ences between the  Univac and CDC computers. 

d .  Program code changes to  r e f l e c t  the  d i f f e r e n t  p r i n t e r  
l i n e  lengths  (136 charac te rs  on CDC, 152 on Univac). 

e. Program dimension changes t o  f i t  the  l a r g e s t  poss ib le  
problem ir.to the  Univac core.  I n i t i a l l y ,  t he  o r i g i n a l  
140 node capab i l i t y  was not achieved because of word 
length d i f f e rence  ar,d d i f f e rences  i n  approach t o  core 
loading. The ; .ni+lul Univac vers ion  had 125 node capa- 
b i l i t y .  

Ef for t  continued during t h e  f i r s t  six months of the  cont rac t  
period i n  order  t q  provide 140 node capab i l i t y .  The problem 
was f i n a l l y  resolved by s p l i t t i n g  thz d i r e c t  f lux  computation 
segment in to  two p a r t s  and coding a communication l i n k  between 
them. This provided su f f i c i en r  core t o  compile t h e  d i i e c t  f lux  
code with the program dimensioned fo r  140 nodes. 

During t h i s  per iod,  ;!TFAP 1 was converted t o  the  EXEC VI11 oper- 
a t i n g  system as  a zero cost  de l ivery .  This provided NASA-JSC 
thermal ana lys i s  personnel with an e x t r a  computer access .  

3 





111. EXISTING P R O G d U  WALU~'I''''' 

A.  V I P  PPOGRAM 

A source <r:ck a=d 'Lcumertation f c r  t L -  V ~ ' i ~ c l . ~  ' l lumination 
t'rogram "VI"" -Jere c5+aiyed. 1 :iF ?rogr-m ca lcu la t e s  o r b i t a l  
environmental inc'dznt hea t ,  and emplcys a w i q u e  method of  
a--b. l t rFr i ly  combining a number of i i f f c r e n t  geometric shapes i n  
o tue r  t o  descr ibe  spacecr?f t  Teometry. Evaluation of t h i s  pro- 
g r r r  vas  dire.:ted 7r cre ten iv ing  the methods used i n  tlie geometry 
cmbfna t ion  t -,:hn,que and t o  determine i f  i ccorpora t ion  of these  
.nethr.l.-; i n t o  TR4SYS was des i r ab le  and f eas ib l e .  

This eva lua t ion  vas  performed and the  following conclusions can 
be s t a t e d :  

1. The V I P  program u t i l i z e s  complete, c losed volumes r a the r  
than sur faces  as i t s  bas i c  geometric bui lding blocks.  
This is  an adequate means o f  geometr ical ly  descr ib ing  a 
spacecraf t  but an inadequate means of descr ib ing  a space- 
c r a f t  f o r  thermal modeling. For ins tance ,  a r igh t  c i r -  
calar cy l inder  would r a r e l y  appear i n  a thermal model as 
a complete e n t i t y  but r a the r  as e igh t  o r  more sepa ra t e  
nodal sur faces .  I n  comparison, t he  bas i c  geometries 
useJ  i n  the Martin Marietta and Lockheed thermal radia-  
t i o n  analyzer  programs a r e  much more usefu l .  

2 .  T:.a geometric combination technique is c lever  and e f f i -  
( i e n t .  The add i t ion  and sub t r ac t ion  of volumes, however, 
resul ts  i n  o t h e r  c losed volumes, not  su r f aces ,  t h a t  s t i l l  
s u f f e r  from t h e  i n a b i l i t y  t o  s imulate  required nodal 
breakdown. The method is i l l u s t r a t e d  as follows: 

(hns ider  the a r b i t r a r y  l ens  shape obtained by the sub t r ac t ive  
.ombination of  two spheres ,  input  as A m;nlls  B .  Computztion of 
the s o l a r  energ '  incidcnL on the l . > n s  is i l l u s t r a t e d .  



a 

I 

A 

Rays a ,  b ,  C and d are members of an  a r b i t r a r i l y  l a rge  set of 
i i n e s ,  each represent ing a quantum of  s o l a r  f lux.  The rays a r e  
"f i red" from random loca t ions  on a d i s c  j u s t  l a rge  enough t o  
completely shadow the  spacecraf t  when or ien ted  normal t o  t h e  in- 
so ;a t ion  vec tor .  The d is tances  from t h i s  d i s c  i o  the poin ts  
where each ray e n t e r s  and leaves e a & .  geometric component 
(spheres A and B) a r e  computed. Knowing these  d is tances  allows 
computation of the  s o l a r  f lux  on A and B by applying the follow- 
ing log ic :  

a. Type a rays  m i s s  both sphere? and a re  ignored. 
b. Type b rays n. i ss  sphere A and a r e  ignored. 

I A  > dOB, c .  'Qpe c rays a r e  ignored because d 
d .  OB > IA' Type d rays a r e  ' 'counters" because d 

It i s  apparent t ha t  applying t h i s  1ogi.c t o  a s u f f i c i e n t  number 
of rays w i l l  r e s u l t  i n  a s u f f i c i e n t l y  accura te  value f o r  the  
s o l a r  f l u x  on tile lens  ii - R. Nnte t t i a t  s > i m p l t .  change i n  the 
inequal i ty  loz i c  appl ied would r e s u l t  i n  computing the f lux  on 
t h c  double-sphere shape A -+ E .  



It was concluded from this investigation that the VIP geonptry 
combining method wsre not applicable to TBASPS p r b r i l y  becaarc 
it i e  bedled upon ray tracing. Ray tracing represented a major 
departure from flux computation methoas planned f o r  the dewefop- 
me& program. 
within the  available the  and money resources. 

A change to  ray tracing would have been impossible 

The BAacAt ProBram w a s  d loped 88 
using the HEATR4¶!, LQIIAICP or d programs. It perform the 
function of transforming surface descriptions that are in term 
of Cartesian coordinates into descriptions compatible w i t h  llfU'& 
WL%, etc. This eliminates the sometlatee laborious and error 
prone process of computing the rotat ion and translation paraw 
eters necessary to  locate surfaces i n  re la t ion  to  the cent ra l  
coordinate system of the problem. 

support tool f o r  people 

Experience with the EAwcAt concept indicated there w a s  no ques- 
t i on  of the des i rab i l i ty  of incorporating t h i s  Capability i n t o  
TRASYS. This was done by incorporating the transformation code 
in to  the TRASYS surface data  processing routines. It was neces- 
sary to expand EANCAL capabili ty so t ha t  polygons and boxes (not 
available in HEATblATE, etc.) are allowed. 
code w a s  not retained per se, but ra ther  the same mathematical 
methods were u t i l i zed  in the  TRASYS routines. 

I n  geaeral, the IWWL 

C. MRI PROGRAM 

The Midwest Research I n s t i t u t e  Program for  DetermfnOng External 
Radiation Absorbed by the Apollo Spacecraft3 has been i n  the 
Martin Marietta Aerospace program l ibrary  fo r  some tima and has 
been used enough to  allow assessment of its capability. The 
ILRI program's primary strong point is i t s  a b i l i t y  t o  compute 
absorbed fluxes i n  minimum computer time. 
a t  the expense of a re la t ive ly  crude representation of the problem: 

This is accomglished 

'Lockheed Orbital Heat Rate Package, LOHARP, Lockheed Miseilee 

2G. M. Holmtead and Ronald E. Paulson: 
and Space Company. 

Radiation Analyaer Program MfRAPI. M-70-72. Martin Marietta 
Corporation, Denver, Colorado, September 1970. 

RadZation Absorbed by the Apo I lo Spacecraft, Midwest Research 
Ins Li tu te  . 

Martin Marietta fiermal 

3De7xlopnient of a Coniputer Program for  L & t e h n i n g  External 
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a l l  surfaces are mawed planar, energy reflection6 are ignored, 
and ell infomation &scribing tt.a internode blockage (shadwing) 
mtlst be obtairaad externally and supplied 88 a shadow tape. Gener- 
a t ing  shadow tapes led t o  a very laborious elad long lead time 
process involving a scale model of  the spacecraft and a collimated 
l igh t  Baem. 
blockage configurations o r  to long-lived configuratims i n  we l l -  
funded prolgrms. 

This effect ively limited the MRZ program to no- 

Another MRI program s t r o q  point is that it allows the rser the 
choice of defining h i s  o r b i t  i n  standard o r b i t a l  mecbc,?.cb torus, 
o r  in  a convenient orbit-referenced coordinate ~ystaei. 

Tbe shadow tape capabili ty and orb i t  def in i t ion  f l a x i b i l i t y  of 
the MRI progrtmr were both incorporated in to  -3. 
cal packed shadow tape format was used as ware the transform 
routines involved in defining sun/planet/spacecraft posit ion 
relationships from o rb i t  definit ion.  
the o rb i t  def ini t ion inputs fo r  TRASYS are essent ia l ly  ident ical  
t o  those of  the PIRI program. 

The identi-  

From :he user's etandpoint , 

The shadow tape capabili ty,  which included i n  TR4SYS the capa- 
b i l i t y  t o  analytically generate shadow tapes, represents a r ea l  
advance i n  the  art of computing o rb i t a l  heat fluxes. 
drawbacks of the MRI program are  eliminated and the use of the 
shadow tape for shadowing compjtations is so raptd that some proh- 
lemer require l e s s  processor time, even Including shadow tape 
generation, than i f  the shadowed fluxes were a l l  computed analyt- 

The prisaary 

i ca l ly  . 
D. SINDAPROGRAM 

A t  the suggedltion of the NASA-JSC contract monitor, the NEWFODD 
ed i t  segment of the SIroDA thermal analyeer was examined for  
appl icabi l i ty  to  TRASYS. 
excellent features i n  the area of combin?ng exis t ing thermal 
models as w e l l  a s  convenient editing. It was decided to  incor- 
porate the IUBWMOD features without actually integratinrJ SINDA ' 
code into TRASYS. 

It was determined that NBWEPOD provided 

E. TRIP AND RADFAC PROCRAMS 
1 2 The TRIP and RADFAC programs were evaluated for appl icabi l i ty  

'Direct V<m Factor Prograrri aild Genera Ziaed Radiative Heat 
l'ransfer Pmgrm, TRIP, The Bocing Company. 

2 A  Computer Program .) v Dsto&natiovr of R d a t i o n  I n t s r o h g e  
Fmtore, RADFAC, Uughes Aircraft: Company 

8 



4s ppvidin$ radiation intereluaqe eoluthne for real body sur- 
fmee. 

toeease ray tracing Le too great a departure from the basic 
&uble-int~re&&m method p l d  for TRA8YS to allow it to be 
reesooably tntegrated. 

(&upb&ta on specular aad speculardiffuse mrfaces.) 
TRZP prct8rrm, which u8e8 e ray tract* technique, wm rejected 

ib?iDMC we8 much more compatible because it generates radiation 
bterchsrage factor6 Emnewhat ~ ~ o $ o u e  to diffuse gtey-body 
factore and elso beaim with the form factor concept. The most 
e e l r h s  Liudtatfon of W A C  is its lack of ca general capability 
to compute form fector8. For t h i s  reason, tt was de- 
cLasad t o  oee the d%ffuse double integration form factor routinea 
from MTBAP to obtain the shadowed form factors aa8 use new MTRAP 
baaed rotlti~a8 t o  compute the surface images and imiqp factors 
muired in the RADFAC approach. The f ina l  interchange factors 
ere cumputad us- equsltfons resulting from an extension of the 
Gebhardt mathod 
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I V .  PROGRAM DESIGN 

A. SYSTEMSTRUCTURE 

The system s t r u c t u r a l  des ign  s e t t l e d  upon f o r  TRASYS is q u i t e  
similar t o  t h e  dua l  execution used i n  the CINDA family of thermal 
ana lyzer  programs. The primary d i f f e rence  between TRASS and 
these  programs is t h e  over lay  or segmentation mproach used. 
Only enough code and d a t a  is i n  cor? at 7ne time t o  so lve  a partic- 
u l a r  por t ion  of t he  o v e r a l l  problem. The f i r s t  execution reads 
and processes t h e  input d a t a ,  performing edit  opera t ions  w h e r e  
c a l l e d  f o r ,  and w r i t e s  the FORTRAN program that c o n s t i t u t e s  t h e  
u s e r ' s  d r i v e r  logic. 
on t o  t h e  processor and t h e  d r i v e r  program v i a  the  FORTRAN c o w  
p i l e r ,  whereupon the  processor segments are 1oadeJ and executed. 
Only the  po r t ions  of the  processor l i b r a r y  necessary f o r  t he  
problem a t  hand are loaded. 
of the system. 

The processed and compressed da ta  is passed 

Figure I V - 1  is a macro flow chart  

B. PREPROCESSOR 

The functions assigned t o  t h e  preprocessor execution are as 
follows : 

a. Collect input d a t a  from t ape  and/or card  sources ,  
edit as necessary and write binary EDITO tape.  

b. Read and i n t e r p r e t  a l l  d a t a  input ,  check f o r  e r r o r s ,  
and make a l l  one-time only c a l c u l a t i o n s  necessary 
to compress and organize data €or use  by t h e  pro- 
cebsor; write processor d a t a  f i l e s .  
Read and i n t e r p r e t  u s e r  l o g i c  inpu t ,  w r i t e  BORTRAN 
program ODPROG from t h i s .  
Read i n  and organize processor generated restart 
data.  

c. 

d. 

A preprocessar segment is assigned t o  each of t hese  functions.  
A t  t h i s  t i m e ,  t he  restart segment is s k e l e t a l  only.  Resources 
i i d  not permit developing an  optimwn restart capab i l i t y .  
start I s  accomplished using program generated BCD d a t a  input 
through t h e  normal d a t a  input blocks. 

Re- 

C. PROCES,cOR 

The processor assembles d i f f e r e n t l y  depending on the  problem at  
hand. A 
semble a 
(ODPROG) 

problem us ing  a l l  t h e  c a p a b i l i t i e s  of  TRAmS would as- 
processor cons i s t ing  of t h e  user's d r i v e r  l o g i c  program 
plus  a l l  of t h e  following program segments: 
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Program 
Library 
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Figure IV-1 TRASYS Macro Flow Chart 
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a. 
b. 

C. 
d. 
e. 

f. 
g- 

h. 

i. 

j *  

k. 
1. 

m. 

The FFCAL, 

FFCAL (computes form factors).  
RBCAL (computes radiant inierchange factors  when 
specular-diffuse surfaces are input. 

GBCAL (computes radiant interchange factors). 
DICAL (computes d i rec t  irradiation).  
DRCAL (computes components of di rec t  solar f lux  re- 
f lected from specular-dif f use surf aces. 
DICAL only). 
AQCAL (computes absorbed heat rates). 
RKCAL (converts grey body factor  matrlx i n t o  radia- 
t ion conductors i n  thermal analyzer input format). 
QOGAL (converts absorbed heat da ta  in to  energy vs 
time and/or o rb i t a l  average energy tables in thermal 
analyzer input format). 
NPLOT (provides p ic tor ia l  p lo ts  of user 's  surface 
data input). 
OPLOT (provides p i c to r i a l  p lo t s  of user 's  surface 
data as it relates to  solar and planet heat sources). 
PLOT (provides x vs y p lo ts  of o?rtput data). 
SFGAL (computes shadow factor tables  fo r  shadow 
tapes). 
RCCAL (condenses the radiat ion interchange da ta  from 
large problems; outputs radiation conductors). 

Called only 
from FFCAL). 

Called from 

DICAL, GBCAL and AQCAL segaents generate and work with 
such voluminous quantit ies of data tha t  an elaborate out-of-core 
data storage scheme is required. This data  is wri t ten and re- 
trieved according to  time, orbi t  t rue  anomaly or  an ODPROG se- 
quence numbering scheme called steps. Figure IV-2 i l l u s t r a t e s  
t h i s  data storage scheme. 
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V .  PROGRAM INCREMENT 1 DEVELOPMENT 

The func t iona l  d e f i n i t i o n  of  program increment 1 w a s  a r a d i a t i o n  
ana lys i s  program wi th  t h e  sane compute/output c a p a b i l i t i e s  as 
MTRAP 1, but  wi th  the increased c a p a b i l i t i e s  of  TRASS i n  t he  
areas of d a t a  input  op t ions ,  e d i t  capab i l i t y ,  increased problem 
s i ze ,  and movable geometry. This development process was accom- 
p l i shed  over t h e  f i r s t  10 months of the  con t r ac t  performance 
per iod,  culminating i n  de l ive ry  to  the  J S C  Univac computer f a c i l -  
i t y  i n  Apr i l  1973. During t h i s  per iod,  t he  decis ion w a s  made 
t o  install the  program on t h e  Univac EXEC VI11 opera t ing  system 
a t  J S C  r a t h e r  than  t h e  EXEC I1 system spec i f i ed  i n  the  Statement 
of Work. This enabled the  programmers t o  take advantage of t h e  
advanced f ea tu res  of EXEC V I 1 1  f o r  e f f i c i ency  i n  core  u t i l i z a -  
tion. Also, t he  DEMAND f e a t u r e  o f  EXEC V I 1 1  made it  poss ib le  
t o  set up a remote terminal in Denver f o r  u se  i n  t r ansmi t t i ng  
new code and program "f ixes"  d i r e c t l y  t o  the  permanent f i l e s  i n  
Houston. 

A. PREPROCESSOR DEVELOPMENT 

Since no e x i s t i n g  r a d i a t i o n  ana lys i s  program had the  d a t a  input  
c a p a b i l i t i e s  and the  provis ion  f o r  t he  u s e r  t o  write d r i v e r  l o g i c  
t h a t  was envisioned f o r  TRASYS, it w a s  necessary t o  write approxi- 
mately 80 percent  of  the preprocessor code i n  i t s  e n t i r e t y .  The 
. a a i n i n g  20 percent  came from e x i s t i n g  MTRAP rout ines  t h a t  com- 
pute  the  required t ransformation matrices and o the r  one-time 
computations on t h e  input data .  I n  some cases these  MTRAP rou- 
t i n e s  needed ex tens ive  modif icat ions i n  order  t o  e l imina te  in- 
cons is tenc ies  i n  t h e  d e f i n i t i o n  of coordinate  system ro ta t ions .  
The preprocessor coding was done by programing personnel having 
extensive experience with a preprocessor w i t h  a somewhat similar 
funct ion i n  the  MITAS thermal analyzer programs. Features and 
pr4gramming techniques from the  MITAS preprocessor were used, 
i-tiher than blocks of code p e r  se. S i m i l a r l y ,  the techniques 
used i n  the SINDA e d i t o r  rou t ines  were incorporated i n  the  e d i t o r  
segment. 

The major por t ion  of t h e  preprocessor is concerned wi th  numeric 
input  and Ho l l e r i t h  f lags .  This por t ion  may be r e fe r r ed  t o  as 
the da t a  preprocessor and i n  increment 1 i t  read and processed 
the  following blocks of  numeric and Ho l l e r i t h  da ta :  

15 



a. 
b. 

d. 
e. 
f .  
g- 
h. 
i. 

C. 

Options Data 
Ed :t Data 
Quan t i t i e s  Data 
Array Data 
Surface Data 
BCS Data 
Form Factor Data 
Flux Data 
Correspondznce Data 

The input is blocked under header cards  with t h e  t i t les above. 
Each card i n  the  block is read and analyzed coluum by column. 
The b a s i c  card input format is v a r i a b l e  l eng th  f i e l d s ,  separa ted  
by commas. The v a r i a b l e s  input  are not o rde r  dependent except 
when unavoidable. Input formats take  two bas i c  forms. S ingle  
va r i ab le s ,  real, i n t e g e r  o r  H o l l e r i t h  may be input according to :  

NAME = DV 

Mult ip le  v a r i a b l e s ,  where allowed, take the  form: 

NAME = DVL, DV2 0--- DVN 

f o r  numeric da t a ,  and the  spec ia l  form 

NAME = *I AM A HOLLERITH ARRAY* 

f o r  Ho l l e r i t h  da t a  longer than 6 letters. For t ran  arithmetic 
expressions,  excluding func t ions ,  may be used f o r  any numeric 
d a t a  value. 

The rout ines  f o r  reading and processing the  su r face  d a t a  comprise 
the  l a r g e s t  s i n g l e  p a r t  of t h e  d a t a  preprocessor.  
da t a  is analyzed ex tens ive ly  as read and e r r o r  messages generated 
t o  a i d  i n  input debugging. Tne e r r o r s  found are not f a t a l  t o  
preprocessor execution. A f l a g  is se t ,  however, t o  prevent pess- 
ing  incor rec t  input da t a  on t o  the  computat!on segments of t he  
processor. The a r r a y  input op t ion  is used i n  the  su r face  da t a  
t o  allow shorthand input of  two o r  more r e l a t e d  numbers under 
one name. For i n s t ance ,  up t o  four  su r face  p rope r t i e s ,  the s c l a r  
and in f r a red  d i f f u s e  a b s o r p t i v i t i e s  and t h e  s o l a r  and i n f r a r e d  trans- 
m i s s i v i t i e s  may be en tered  according to:  

The su r face  

PROP = D V 1 ,  ---- DVN 
where N = 2 o r  4. 
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Specular proper t ies  were not allowed i n  program increment 1, but 
allowance f o r  them was made i n  the preprocessor.  

The f lux  and form fac to r  da t a  blocks may be used to re-input 
previously computed da ta ,  thus providing restart f o r  runs in t e r -  
rupted f o r  any reason. This is an i n e f f i c i e n t  method of  restart 
because the re  should be no need o f  a column by column ana lys i s  
of  machine-generated BCD data  t h a t  can be expected t o  be s t r i c t l y  
ordered and formatted. This has been i d e n t i f i e d  as .an area f o r  
fu r the r  development. 

The preprocessor rout ines  t h a t  read and process the operat ions 
d a t a  and subrout ine d a t a  blocks may be defined as the  ins t ruc-  
t i ona l  preprocessor.  
FORTRAN statements  plus  special s ta tements  o f  t he  form: 

The operat ions d a t a  block cons i s t s  of 

L SEGNAME 

and 

STEP DV. 

The FORTRAN statements ,  p lus  any L and STEP cards a r e  used by 
the  i n s t r u c t i o n a l  preprocessor t o  write program ODPROG, a FORTRAN 
program which serves  t o  d i r e c t  t he  so lu t ion  of  t he  u s e r ' s  problem. 
FORTRAN statements i n  t h e  operat ions da t a  a r e  t r ans fe r r ed  verba- 
t i m  t o  O T R O G .  L-cards r e s u l t  i n  generat ing the code necessary 
t o  execute program segment SEGNAME. STEP cards set in t ege r  values  
tha t  enable tbe use r  t o  conveniently r e f e r  t o  and r e t r i e v e  pre-  
viously computed da ta  i n  o u t  of core storage.  

The subrout ine da t a  block cons i s t s  of v a l i d  and complete FORTRAN 
rout ines  tha t  the  use r  provides f o r  use i n  h i s  execution. The 
in s t ruc t iona l  processor  funct ions t o  read these rout ines ,  provide 
the rracessary labeled common blocks,  pass them t o  the  compiler 
and load them along w i t h  t h e  processor l i b r a r y  rout ines .  Note 
t h a t  the FORTRAN compiler does the major port ion of input e r r o r  
checking within the operat ions and subrout ine da t a  blocks. 

B. FORM FACTOR SEGMENT 

The form fac to r  computation segment writes out a matr ix  of form 
fac to r s  for a given geometry, e i t h e r  through computation o r  
through passing on values found i n  the fom f a c t o r  da ta  block. 
This segment required the l e a s t  development because i t  bas i ca l ly  
e x i s t e d ,  i n  the form required fo r  program increment 1, as a 
pa r t  of the MTRAP 2 prototype program already in use. The main 
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depar ture  from previous p r a c t i c e  (MTRAP 1, LOHARP) found in . 
TRASYS form f a c t o r  methods is t he  automatic elemental g r i d  s i z -  
ing according t o  u s e r  input accuracy criteria. 
explained in t he  ic l lowing sec t ion .  

This l og ic  is 

1. Elemental Grid S iz ing  with No Shadowing 

%e form f a c t o r  f o r  two f i n i t e  areas, AI and AJ (Figure V-1) , is 
defined as 

' i j  

Figure V-1 Determination of Form Factors 

A f i n i t e  d i f f e rence  approximation of  Equation V-1 i s  

Equation V-2 approaches an exact representa t ion  of Equation V - 1  
as t he  s i z e s  of the  elemental a r eas ,  A and A , approach zero.  
The accuracy of form fac to r s  calculatei by t hd  use of Equation 
V-2 is, t he re fo re ,  a funct ion of t h e  s i z e  of t h e  elemental areas, 
A and A , as :ompared t o  t h e  square of t he  elemental separa t ion  
distance! r . Considering t h i s ,  i t  i s  convenient t o  de f ine  the  
dimensionlehj r a t i o  

j 
A~ COS ei COS e 

'ij 
2 

FFACC = (V- 3 ) 
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f o r  use i n  controll ing form factor accuracy by properly s iz ing  
the  elemental areas. Figure V-2 shows the relationship between 
t h i s  dimensionless r a t l o  (FFACC) and the  form factor  e r ror  for  
ident ica l ,  para l le l ,  d i rec t ly  opposed rectangles. 

w - 16- 
u 
0 

p1 8 -  

0 & 0.1 0.2 0 . 3  0.4 0.5  0.6 0.7 0.8 0.9 
FFACC b 

p1 

Figure V-2 Error Characterist ics for  Ident ical ,  Para l le l ,  
Directly Opposed Rectangles 

The TRASYS program employs a technique using Equation V-3 t o  
a-itomatically select the elemental gr id  sizes for  each node pa i r  
consistent with the user-defined accuracy parameter, FFACC. 
(FFACC defaul ts  t o  0.05 i f  it is not defined by the user.) 

I f  a l l  elemental areas on each of two nodes were the same s i ze  
and had the same separation distance,  riJ, the  apparent number of 
elements on a node t o  sa t i s fy  the accura y parameter, FFACC, would 
be (considering Equation V-3). 

AI cos ei cos 8 

2 
i j  

FFACC r 
(V-4) 

However, since each element pair on the two nodes may have a 
d i f fe ren t  separation distance,  a d i f fe ren t  apparent number of 
equal-sized elements w i l l  be indicated for  each element pa i r  con- 
sidered. To tak2 t h i s  in to  account, TRASYS uses a s i m p l e  ar i th-  
metic average of the numbers of elements indicated by the various 
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element pp i r s .  That is, 
m m 

cos e cos e 
i (V-5) 2 

r i j  

P AI 
*OPTrJ FFACC m m 

i J i'l j'1 

where m and m are i n i t i a l  numbers of elements a r b i t r a r i l y  as- 
signed ko o b t a i n  a representa t ive  mapping o f  nodes I and J. 
and m = 15 elements i n  TRASYS). 

The total  number of elements def ined by Equation V-5 is d i s t r i b u t e d  
uniformly over t h e  node us ing  a c r i t e r i o n  t h a t  a t tempts  t o  m a k e  
t he  elements square. The arithmetic average technique assumes 
t h a t  t h e  mean separa t ion  d i s t a n c e  between nodes is l a r g e  compared 
w i t h  t h e  v a r i a t i o n  o f  separa t ion  d i s t a n c e  over t h e  two nodes. 
check is made t o  see i f  t h i s  assumption is violated.  The maximum 
number o f  elements def ined by any element p a i r  on t h e  two node8 
(Equation V-4) is compared wi th  t h e  a r i t h L t i c  average value (Equa- 
t i on  V-5). 
value,  FFRATL, t h e  two nodes are t e h o r a r i l y  divided i n t o  st&bnodes. 
(FFRATL d e f a u l t s  t o  15.0 i f  i t  is not input by the  user.) The 
numbers of subnodes used are proport ional  t o  (Nmax/N ) and 
(Nmax/N The optimum g r i d  elements a r e  compute8Pfnaependently 
f o r  eacRPh!node using a separat ion-dis tance,  weighted-average 
c r i t e r i o n  r a t h e r  than a n  arithmetic one. The form f a c t o r s  r e s u l t -  
i ng  from t h e  subnode p a i r s  are then combined using form f a c t o r  
a lgebra.  
be nonuniform over a node as required t o  s a t i s f y  input accuracy 
requirements. 

(mi 
J 

A 

I f  the r a t i o  of Nmax/No is g r e a t e r  than a user-defined 

) . 

Thus, elemental  g r i d s  vary f o r  each form f a c t o r  and may 

2. Elemental Grid S iz ing  Considering Shadowing 

I n  the  d e t a i l e d  element-to-element shadawing checks, an element 
p a i r  is e i t h e r  completely shadowed o r  not a t  a l l .  The accuracy, 
then, of represent ing the  shadow is propor t iona l  t o  t h e  t o t a l  
number of elements on both nodes. The number of elements on t h e  
shadowing s u r f a c e ( s )  does not e n t e r  i n t o  the  problem. 

I n  order  t o  conserve computer time, i t  is assumed that: accurate 
shadowing is required only f o r  r e l a t i v e l y  l a rge  form fac to r s .  
Therefore,  the number of elements required f o r  accura te  shadowing 
is considered to  be  proport ional  t o  the  unshadowed form f a c t o r ,  
FIJ. That is, 
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FIJ 
FFACCS 

where, 

FIJ and 

mjy  the 

FJI 
FFACCS N =  

sJ 

FJI are computed using Equation V-2 with n 

a r b i t r a r i l y  assigned numbers of elements, as descr ibed above. 

m and m = i 

FFACCS is a user-defined shadowing accuracy f a c t o r  (defaul t s  t o  
0 .1  i f  not input ) .  

B is a constant of p ropor t iona l l t y  (assigned a value of  10 on the  
bas i s  of experience i n  t rad ing  o f f  computer t i m e  vs accuracy). 

The number of elements used on any given node f o r  form f a c t o r s  is 
taken as the  maximum of  those def ined by Equations V-5 and V-6. 

TRASS l i m i t s  the  number of elements on any given node t o  a maxi- 
mum of 500 and a minimum of 3. 

C. NODE PtOTTER SEGME?JT 

This segment's purpose is fo r  checking the  u s e r ' s  sur face  da t a  in- 
puts  t o  be c e r t a i n  that the  problem geometry is t r u l y  as desired.  
It generates p i c t o r i a l  views of t he  problem geometry as seen from 
3 d i r e c t i o n s ,  plus  a 3-D and a general  view. 

The sur face  p l o t t e r  l og ic  i n  MTRAP 1 was used as the  foundation t o  
bui ld  the node p l o t t e r .  Surfaces may be defined as port ions of a 
given geometric su r face  (cy l inder ,  d i s c ,  e t c )  t h a t  may be divided 
in to  any number of nodes. A sur face  p l o t ,  as  i n  MTRAP 1, provides 
a p ic ture  of the geometry but not of t he  nodal breakdown. It was 
decided by mutual agreement k i t h  the  JSC t echnica l  monitor t h a t  
more informative,  a l t e i t  c l u t t e r e d ,  node p l o t s  would be preferab le ;  
thus,  a node p l o t t e r  t ha t  "draws" a l l  nodes was developed. 

Logic was developed t o  ca l cu la t e  t ransformation matr ices  f o r  four  
b u i l t - i n  views as wel l  as any general  view of the problem geometry. 
The b u i l t - i n  views depic t  the problem as seen from the  x-axis,  
y-axis ,  z-axis and a 3-D view. 
user  def ines  the Euler angles required t o  r o t a t e  a reference 

A general  view r e s u l t s  when the  
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coordinate system i n t o  the  coordinate  system of  the  view he 
des i res .  Node p l o t t e r  output is  cont ro l led  by an opt ional  sub- 
rout ine  c a l l  p r i o r  t o  execution of t he  p l o t  segment. Arguments 
i n  this subrout ine allow the  user  t o  def ine  h i s  view(s) des i r ed ,  
s c a l e  t h e  p l o t  as des i r ed ,  def ine  a p l o t  frame t i t l e  and input 
the r o t a t i o n  da ta  f o r  a general  view. I f  t h i s  subrout ine c a l l  
i s  not made, t h e  p l o t  segment produces 4 standard views, automat- 
i c a l l y  sca led ,  under the problem t i t l e .  The node p l o t t e r  a l s o  
has a selective p l o t t i n g  fea ture .  
por t ion  of t he  nodes i n  h i s  geometry t o  be p l o t t e d ,  he may input 
an a r ray  of node numbers s p e c i f i c a l l y  def in ing  the  nodes des i red  
on the  p lo t s .  Up t o  s i x  p l o t  d e f i n i t i o n s  (subrout ine c a l l s )  may 
be made p r i o r  t o  node p l o t t e r  execution, thereby elimillating the  
t i m e  required t o  load the  segment repeatedly.  

If t he  user  d e s i r e s  only a 

D. ORBIT PLOTTER SEGMENT 

This segment was developed f o r  t h e  purpose of checking user-de- 
f ined o r b i t a l  parameters and vehic le  o r i e n t a t i o n  p r i o r  t o  cal-  
cu la t ion  of d i r e c t  inc ident  environmental f luxes.  

Logic was developed t o  ca l cu la t e  transformation matr ices  for  four 
b u i l t - i n  views, as w e l l  as  any general  view, taking o r b i t a l  param- 
eters, t r u e  anomaly, vehic le  o r i en ta t ion ,  and vehicle  sp in  i n t o  
account. 
c l e  and i t s  r e l a t ionsh ip  t o  t h e  planet  and/or the sun. 
b u i l t - i n  views a re :  

One o r b i t  pos i t i on  is p lo t t ed  pe r  frame showing the  vehi- 
The four 

3-D, a three-dimensional p lo t  of t he  vehic le  and the  
planet .  

CIGMA, a p lo t  wi th  the o r b i t a l  plane i n  the plane of the  
paper as  viewed from the north pole of the  o r b i t a l  plane.  
This p l o t  shows t r u e  views of t r u e  anomaly and CIGMA 
( the  angle measured from pe r i aps i s  t o  t h e  pro jec t ion  of 
the  s o l a r  vector on the  o r b i t a l  plane).  

BETA, an edge-on view of the  o r b i t a l  plane w i t h  the  s o l a r  
vec tor  i n  the plane of the  paper. This p lo t  shows a t r u e  
vfew of BETA ( the  angle measured from the north pole of 
the  o r b i t a l  plane to  the s o l a r  vec to r ) .  

SUN, a p l o t  of he vehic le  and the planet as .liewed from 
the  sun. 
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The use r  may a l s o  spec i fy  any general  view he d e s i r e s  by def in ing  
t h e  Euler angles  necessary t o  r o t a t e  a reference coordinate  system 
i n t o  the  coordinate  system of t h e  view he would l i k e  t o  see p lo t -  
ted.  

The input philosophy was made t o  p a r a l l e l  t h a t  used i n  t,ie node 
p l o t t e r  segment as c?ose ly  as poss ib le .  
p l o t  d e f i n i t i o n s  to  be made p r i o r  t o  a c a l l  t o  t h e  o rb t ,  p l o t t e r  
segment, thereby s i g n i f i c a n t l y  reducing t h e  time recufred f o r  seg- 
ment loading. No input  p r i o r  t o  the  segment c a l  w l t s  i n  a 
de fau l t  t o  p l o t  the  four  b u i l t - i n  views a t  the r 
exists i n  core  a t  the  time of  the  segment cal l .  

This allows ~p t o  s i x  

aomaly t h a t  

E. RADIATION INTERCHANGE SEGMEATS 

The computation and output of r ad ia t ion  interchange da ta  involves 
the  tse of two program segments. 
of form f a c t o r s  f o r  t he  problem, together  with t h e  sur face  proper- 
ties, t o  compute a l ike-s ized  matrix of r ad ian t  interchange fac- 
t o r s .  This matr ix  is used i n  turn  by segment RKCAL. RKCAL has 
the  primary funct ion of providing r ad ia t ion  interchange da ta  i n  a 
BCD format t h a t  can be d i r e c t l y  input t o  a thermal analyzer  such 
as SINDA. RKCAL a l s o  performs the  funct ion of combiring nodes 
used by TRASYS i n t o  l a r g e r  node.: used by the  thermal an i lyze r .  
This is done according t o  in s t ruc t ions  provided by the  user  i n  the  
correspondence da ta  block. 

Segment GBCAZ. u t i l i z e s  the  matr ix  

1. Sement  GBCAL 

Computation of grey-body r a d i a t i o n  interchange f a c t o r s  
involves the  invers ion  of a n a t r i x  of  t h e  order  of the  
problem s i z e  (number of  nodes). TRASYS predecessor pro- 
grams accomplished t h i s  us ing  a scheme t h a t  s to red  e n t i r e  
matr ix  i n  core and required a l a rge  addi t iona l  amount of 
core f o r  working s torage.  
thermal r ad ia t ion  problem s i z e  t o  around 140 nodes using 
the 64,000 word computers i n  cur ren t  u se .  This was over- 
come to  some exten t  h an opt ion  ava i l ab le  i n  MTRAP 1 
t h a t  inver ted  o rde r  600 mat r Aces using an i t e r a t i v e  
technique. This, however consumcd a l a rge  amount of  
cen t r a l  processor t i m e .  

This e f f e c t i v e l y  l imited 

Since the TRASYS cont rac t  3tatement of work spec i f i ed  a 
1000 node problem size,  i t  was necessary t o  develop a 
new matr ix  invers ion  technique. 
increment 1 by adapt ing all algori thm cu r ren t ly  used i n  
s tn : c tu ra l  dynamics ana lys i s .  This method involves 

This was done for program 



using Cholesky's method t o  f a c t o r  t h e  farm f a c t o r  matrix 
i n t o  an upper and lower t r i a n g u l a r  matr ix ,  each of wl-Lch 
is t h e  t ranspose of t h e  o the r .  From t h i s  p o i n t ,  f a i r l y  
s t ra ightforward nw'rix a lbebra is used t o  i n v e r t  t he  
matrix and make t h e  necessary addi t iona l  posses rtiiuiTed 
t o  compose rhe  gr-y-body matrix. Tine ccire requirement 
f o r  t h i s  method is only 2 t i m s s  t h e  problem s i z e ,  p lus  
s to rage  space f o r  t he  c o l e .  

2. SePment RKCAL 

Segment RKCAL was developed using similar methods and 
some of  t he  code from the l i k e  por t ion  of MTRAP 1. The 
r a d i a t i o n  conductors are p r in t ed ,  punched and/or w r i t t e n  
t o  tape i n  a small subroiltine t h a t  may be e a s i l y  modi- 
f i e d  by t h e  u s e r  through che subrout ine d a t a  block. 
provides t h e  u s e r  t h e  capabj-l i ty t o  output h i s  r a d i a t i o n  
conductors i n  a format compatible with any thermal ana- 
l y z e r  program. 

This 

F. INCIDENT AND ABSORBED RADIATION SEGMENTS 

I n  program increment 1, t h e  conputatton .md output o f  absorbed 
environmental heat  r a t e s  involved up to four program segments. 
Segment DICAL is  used t o  compute t h e  d i rec t  incident  heat  f luxes,  
i n  the s o l a r  and in f r a red  wavebands. ThLs ma;r involve the  use 
of segment SFCAL t o  compute and/or load i n t o  core  the shadoG* 
f a c t o r  t a b l e s  w e d  i n  t h e  f l u x  shad. x.ng computations. Segment 
AQCAL uses previously computed d i r e c  f l u x  da ta ,  together  wi th  
two grey-body f a c t o r  matrices (one s o l a r ,  one in f r a red )  t o  compute 
t h e  energy absorbed by each node a t  a point  i n  o r b i t .  This energy 
c o n s i s t s  of fob components: absorbed incident  solar, absorbed 
incident  i n f r a red ,  absorbed reZlected s o l a r ,  and absorbec re€lect- 
ed in f r a red .  

Segment QOCAL is analogous to  segment RKCAL i n  t h a t  i t  &r i tes  
out da t a  i n  thermal analyzer input format, and t h e  u:?r ' s  corres-  
pondence da ta  is accounted for .  The output c o n s i s t s  .f tab1 1s 
of energy vs t i m e  for  each thermal analyzer  node. An a l t - r n a t i v e  
form of output is o r b i t a l  average heat loads fo r  each node. 

1. SeRment DICAL 

A t  t he  beginning of the program increment 1 development 
per iod,  the computation rou t ines  fo r  segment DICAL were 
i n  checkout as p a r t  of the M T U P  2 development. This 
e f f o r t  was continued and new code was developed t o  s a t i s -  
fy statement of work rzquirements. New code was r e q u i r e d  
t o  provide the following: 
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a. 

b. Simplified o r b i t  de f in i t i on .  
c. 
d. S t a r  o r i en ta t ion .  
e .  

Orbit  d e f i n i t i o n  using c l a s s i c  o r b i t  mechanics param- 
e ters . 
Heat source loca t ion  from look angles .  

Shadowing from shadow f a c t o r  tapes. 

This code was  generated and in t eg ra t ed  i n t o  the  DICAL 
segment. 
the  computation rout ines  used as a foundation were not  
opera t iona l  and contained e r r o r s  i n  the  p lane t  f l ux  cal- 
cu la t ion  log ic .  

"he checkout process was q u i t e  involved because 

I n  common wi th  the  f o m  f a c t o r  computation segment, DICAL 
computation methods depart  from previous practice i n  
MTRAP 1 and LOHARP i n  the  automatic elemental  g r i d  s i z i n g  
according t o  u s e r i n p u t  accuracy criteria. This Logic is 
explained i n  the following two sec t ions .  

2. Direct Incident Solar  Flux Accuracy 

a. Elemental Grid Sizing with No Shadowing 

The d i r e c t  s o l a r  f l ux  inc ident  upon the f i n i t e  area 
A (Fig. V-3) is defined as I 

QDSI = - 

Q, (Solar Vector) 

07-71 

Figure V-3. Leteminat ion  of Direct fncident  Solar  Flux 
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A f i n i t e  d i f fe rence  approximation of Equation V-7 is 

QS 
5 QDS, = - 

Equation 

2 Ai cos 6 i 
i= 1 

V-8 approaches an exact so lu t ion  as t h e  
s ize  of the elemental  area, A 

To ca lcu la t e  the  d i r e c t  incident  s o l a r  f l u x  on an 
unshadowed node, the  TRASYS program uses Equation 
V-8 with the  number of elements, n ,  a r b i t r a r i l y  set  
t o  10 t o  obtain a representa t ive  mapping of the node. 
Some run time optfmizat icn may r e s u l t  i f  n were set 
t o  1 f o r  planar  nodes. 

approaches zero. i’ 

b. Elemental Grid S iz ing  Considering Shadowing 

In the  d e t a i l e d  shadowing checks, an element is 
e i t h e r  completely shadowed from t h e  sun o r  not a t  
a l l .  The accuracy of represent ing the  shadow, there- 
fore ,  fs proport ional  t o  the  number of  elements on 
t h e  node. Since shadowing becomes increasingly impor- 
tant as the  form f a c t o r  from the  node t o  t h e  sun be- 
comes l a r g e r ,  the  number of elements required f o r  
accurate  shadowing is considered t o  be proport ional  
to the unshadowed node-to-sun form fac tor .  That is, 

where; 

QDS is the unshadowed s o l a r  f l ux  from Equation V-8 
w i t 6  n a r b i t r a r i l y  set t o  10. 

Q i s  the  s o l a r  constant.  s 

- is the  unshadowed node-to-sun form fac tor .  
QS 

B is a constant of propor t iona l i ty  (assigned a value 
of 25 i n  TRASS). 
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DIACCS is a user-defined shadowing accuracy f a c t o r  
( d e f a d t s  t o  0.1 i f  not input) .  

The number of  elements used on auy given node f o r  
d i r e c t  inc ident  s o l a r  f l ux  ca l cu la t ions  is as de- 
f ined  by Equation V-9. 
100 or less than 10 are not d110-d. 

However, values g r e a t e r  than 

3. D i r e c t  Incident  Albedo and Planetary Fluxes 

a. Elemental Grid S iz ing  with No Shadouing 

The form f ac to r  from a f i n i t e  nodal area, 
t o  the  v i s i b l e  planetary area, A (Fig. i s  defined as P' 

COS e COS e 
p d A  dA (v-10) i 

n r  
2 P P  

i P  
*I Ap 

Figure V-4 Determination of  Node-to-Planet Form Factors 
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A f i n i t e  d i f f e rence  approximation of Equation V-10 
is  

n m cos ei cos 8 
(v-11) 2 Ai Ap 

iP 
n r  

Equation V-11 approaches an exact  so lu t ion  as the  
s i z e s  of the elemental  areas, Ai and A , approach zero.  

P 

In TRASYS, the  v i s i b l e  p lane t  sur face  is  divided i n t o  
three  zones as shown i n  Figure V-5. F i f t y  percent of 
t h e  p lane t  nodes are a l loca ted  t o  AI, thirty-seven 
percent t o  A2, and the  remainder t o  A3 so t h a t  h igher  
concentrat ions of elements exis t  i n  t h e  zones t h a t  
have t h e  most inf luence on spacecraf t  nodes. 

Figure V-5 Planet  Element Breakdown 

Zn order  t o  control  t h e  accuracy of node-to-planet 
form f a c t o r s ,  i t  is convenient t o  define the dimen- 
s ion le s s  r a t i o  

A cos 0 .  cos 9 

2 
DIACC = 1 P 

r 
i P  

(V-12) 
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The TRASYS program employs a technique using Equation 
V-12 t o  automatical ly  e s t a b l i s h  the  number of p l ane t  
elements cons is ten t  with the  user-defined accuracy 
parameter, DIACC. (DIACC defau l t s  t o  0.25  i f  i t  is 
not  defined by t h e  user.)  
metic average of the numbers of elements ind ica ted  by 
t he  var ious node-planet element pa i r s .  That is, 

TRASYS uses a simple a r i t h -  

1 P i= 1 P" 1 
.- 
' i P  

where y and mp are i n i t i a l  numbers of elements arbi-  
t r a r i l y  assigned t o  obta in  a representa t ive  mapping 
of node I and t h e  v i s i b l e  p l ane t  area. 

In  TRASYS t h e  number of nodal elements, mi, is set to  
8. The i n i t i a l  number of p l ane t  elements is es t ab l i shed  
by consider ing mp t o  be d i r e c t l y  propor t iona l  t o  t h e  
p l ane t  rad ius ,  R. and i n d i r e c t l y  propor t iona l  t o  t h e  
o r b i t  rad ius ,  Re. That is, 

R m = 2 5 -  
P Re 

(V-14) 

Fi f ty  percent  of the t o t a l  number of elements def ined 
by Equation V-13 are uniformly d i s t r i b u t e d  over A1 
( see  Figure V-5) , thirty-seven percent  over A2, and the 
remaindez over A3. 

b.  Elemental Grid ,S iz ing  with Shadowing 

In : .e  de ta i l ed  shadowing checks, a nodal element i s  
e i t h e r  completely shadowed from the  p l ane t  element 
o r  not a t  a l l .  The accuracy of represent ing  t h e  shad- 
ow, therefore ,  i s  proport ional  t o  the  number of ele- 
ments on the  node. Since shadowing becomes increas-  
ingly importa3t as the form f a c t o r  from t h e  node t o  
the p lane t  becomes l a rge r ,  t he  number of nodal ele- 
ments required f o r  accurate  shadowing is considered 
t o  be proport ional  t o  t h e  unshadowed node-to-planet 
form fac tor .  T h a t  is, 

F I P  
NS =-  DI ACCS IP 

(V-15) 

where 
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FIp is t he  unshadowed node-to-planet form fac tor .  

B is a cons -int of propor t iona l i ty  (assigned a value 
of 3.0 i n  TRASYS). 

DIACCS is  a user-defined shadowing accuracy f a c t o r  
(defaul t s  to 0.1 i f  not input) .  

The number of nodal elements is l imi t ed  to the  range 
15 NI < 25 fo r  f l a t  su r f aces  and 5 < NI 5 25 f o r  sur- 
faces  07 revolut ion.  The number of planetary elements 
is l imi ted  as follows: 

AI : 3s N <, 200 
p, L 

: 2s N < l i 8  

: l < N  5 52 
p2 - A2 

A3 p2 
or 

6s NpP<- 400 (total). 

6.  Segment SFCAL 

The primary func t ion  of SFCAL is to compute t ab le s  of 
shadow f a c t o r s  f o r  use i n  the computation of d i r e c t  
i r r a d i a t i o n  by DICAL. Its primary output  mode is t o  mag- 
n e t i c  tape,  though the  t ab le s  are also p r in t ed  as they 
are computed, and an image of the magnetic tape is a l s o  
placed i n  out-of-core d i s d d r u m  s to rage  to be  used i f  a 
DICAL execution is encountered p r i o r  to the  end of the  
job. If SFCAL is executed with a shadow f a c t o r  tape 
mounted as a read tape,  i t  does nothing more than trans- 
f e r  the t ab le s  t o  disc/drum s to rage  for use by DICAL. 
This type of opera t ion  also provides a very convenient 
restart from a shadow tape t h a t  fs p a r t i a l l y  complete 
due t o  in t e r rup t ion  of a previous SFCAL run. A shadow 
da ta  block i n  the input  stream allows t h e  user  t o  input  
o r  overr ide any shadow t ab le  values  desired.  

Shadow f a c t o r  tapes contain one shadow f a c t o r  t ab le  p e r  
node i n  the problem. These t ab le s  cons i s t  of one shadow 
f a c t o r  f o r  each of 135 vec tors  d i s t r i b u t e d  i n  an omni- 
d i r e c t i o n a l  manner from t h e  problem's c e n t r a l  coordinate  
system or ig in .1  A shadow f a c t o r  is defined as the per- 
centage of nodal area, projected normally t o  one of  t h e  ................................................................. 

li'rlernia~ 1ia~atic7il  / i i zu~yc is  ~ ; ~ , s  t.cttj, (i'!iljsYs), Ls<-ka's I , I ~ ? : U ( A L .  

Martin Marietta Corporation, I'ay 1973. Appendix C. 

30 



0 energy source" vec tors  t h a t  would be i l lumina ted  by a 
coll imated l i g h t  beam c o l l i n e a r  with the  vector .  
nodes with no "view" of o the r  p a r t s  of the  problem geome- 
t r y  have shadow f a c t o r s  everywhere equal  t o  1.0 except 
f o r  vectors below t h e i r  "horizon," where the  shadow fac- 
t o r s  are zero. 

Thus, 

The D I U  routines t h a t  compute shadowing f o r  s o l a r  f l u x  
ca l cu la t ions  are q u i t e  appl icable  t o  computing snadow 
f a c t o r  tab les .  Thus, t h e  development of SFCAL d i d  not  
requi re  generat ing a new code f o r  t h e  ent i re  segment. 

5. Segment A Q U  

Since AQcaL funct ions only t o  compute the  r e f l e c t e d  com- 
ponent of absorbed hea t  rates and converc d i r e c t  f l u e s  
i n t o  d i r e c t  absorbed h e a t  rates, i t  is not  s t r i c t l y  nec- 
essary  t h a t  it be  sepa ra t e  from DICAL. From a p r a c t i c a l  
s tandpoint ,  however, AQCAL results i n  a valuable  sav ing  
of compute time. For l a rge  problems, a series of restarts 
may be  performed before  d i r e c t  i r r a d i a t i o n  is computed 
for a l l  poin ts  i n  o r b i t .  
puted a f t e r  each o r b i t  po in t ,  the  time f o r  the  absorbed 
hea t  as w e l l  as grey body matrix ca l cu la t ions  would b e  
l o s t  f o r  each restart run. This is because a complete 
set  of hea t  tables m u s t  b e  i n  storage before  hea t  vs t i m e  
t ab l e s  can be output.  Thus, t he  recommended procedure 
is to  delay computation of the grey-body mat r ix  and the  
absorbed hea t s  u n t i l  a complete set of d i r e c t  f l u x  t ab le s  
are computed. AQCAL and QOCAL make t h i s  procedure conve- 
n i e n t  t o  t h e  user, a t  h i s  option. 

I f  absorbed hea t s  had been com- 

6. Segment QOCAL 

Segment QOCAL has the  funct ion of wr i t i ng  absorbed hea t  
rate vs time t a b l e s  and/or o r b i t a l  average hea t  rates out 
t o  cards  o r  tape.  This da t a  is i n  a BCD format i d e n t i c a l  
with the  SINDA thermal analyzer  program's input .  
user  may p r i n t  t h i s  d a t a  i n  any format des i red  by losding 
h i s  own vers ion  of subrout ine QOTABS, the  QOCAL rout ine  
that  wr i t e s  out  the data.  
program incremeat 1 was developed using a code t h a t  per- 
formed tne same funct ion i n  MTRAP 1. An ordering process  
is used t o  provide time t ab le s  i n  ascending order  and a 
t rapezoidal  ru l e  averaging rout ine  is used f o r  average 
heat  r a t e s .  I f  node combining i n s t r u c t i o n s  are i n  the 
correspondence da ta  block, the hea t  rate t ab le s  w i l l  
r e f l e c t  t h i s .  

"lie 

The QOCAL segment used i n  
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V I .  PROGRAM INCREMENT 2 DEVELOPMENT 

Program increment 2 was developed over the t i m e  period from May 
1973 through August 1973. This  increment included the  iacorpor- 
a t i o n  of s p e c u l a r d i f f u s e  r ad ia t ion  interchange capab i l i t y ,  out- 
pu t  da t a  p l o t t i n g  capab i l i t y  and capab i l i t y  t o  use t r a j ec to ry  
tapes  f o r  def ining spacecraf t -heat  source geometric re la t ionships .  

A. SPECULAR-DIFFUSE RADIATION INTERCHANGE 

The specular-diffuse r ad ia t ion  interchange segment RBCAL was dcvel- 
oped by incorporat ing t h e  code developed under a concurrent bene- 
f i t  IR&D i n t o  the TRASYS s t ruc tu re .  

The RBCAL segment is c a l l e d  from the  FFCAL segment i f  specular- 
d i f fuse  sur faces  are present  i n  the  problem. 
images of a l l  the  nodes "seen" by o t h e r  nodes i n  t h e  specular  
surfaces .  
t a t i o n  l o g i c  as any o t h e r  node and t h e  modified form f a c t o r s  t o  
them are computed. 
ular r e f l e c t i v i t y  of the specular-dif  fu se  su r face  involved is  
accounted for .  
which is then compressed back to  the  ordinary s i z e  and the  form 
f a c t o r s  s to red  f o r  use by GBCAI,. GBCAL computes r ad ian t  i n t e r -  
change f a c t o r s  t h a t  account f o r  the  specular  r e f l e c t i v i t i e s  of 
specular-diffuse sur faces .  Also, t he  user  need not  concern him- 
s e l f  with specular-diffuse su r faces  beyond de f in ing  t h e  p rope r t i e s  
i n  h i s  sur face  data .  
This r e s t r i c t i o n  exis ts  because no l o g i c  has  been developed t o  
cons t ruc t  "carnival  mirror" images t h a t  would r e s u l t  from curved 
sur f  aces. 

RBCAL then cons t ruc ts  

These images are passed back t o  the form f a c t o r  compu- 

They are modified in the  sense t h a t  the spec- 

This r e s u l t s  i n  an expanded form f a c t o r  matrix 

Specular-diffuse su r faces  must be  planar .  

1. Specular-Diffuse Radiation Theory 

a. Nomenclature 

area of sur face  i 

coe f f i c i en t  matr ix  in absorpt ion f a c t o r  
equat ion 

form f a c t o r  from sur face  i t o  su r face  j 

form f a c t o r  from sur face  i t o  the  image of 
su r face  j as seen i n  su r face  !< 
r ad ia t ion  interchange f a c t o r  coupling 
su r face  i and su r face  j 

t o t a l  number of surfaces i n  r a d i a t i o n  
enclosure 

n e t  heat  f l u x  leaving su r face  i 

temperature of sur face  i 
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= absorption f a c t o r  represent ing  t h a t  
f r a c t i o n  of energy leaving  su r face  i 
t h a t  is f i n a l l y  absorbed by su r face  j 

( d i j  = 1, i = j; d i j  5 0, i # j) 

$ i j  

= Kronecker's d e l t a  

= hemispherical  emiss iv i ty  of su r face  i 

= hemispherical-directional r e f l ec t ance  

6 

i 

ij 

E 

of su r face  i i n  the d i r e c t i o n  of su r face  
j 

p , p s  = d i f f u s e  and specular  components of re- 
di i f l ec t ance ,  r e spec t ive ly ,  f o r  su r f ace  i 

d = Stefan-Boltzmann cons tan t  

= t r ansmiss iv i ty  of su r face  i 

= image f a c t o r  represent ing  the  f r a c t i o n  of 
energy leaving su r face  i and a r r i v i n g  a t  
su r face  j both d i r e c t l y  and by a l l  possi- 
b l e  in te rvening  f i r s t - o r d e r  specu la r  re- 
f lect  ions  

i f 

'i j 

b . Analy t ica l  Development 

The following assumptions and ground r u l e s  were used 
i n  the a n a l y t i c a l  development presented he re in  f o r  
specular-diffuse r a d i a t i o n  a n a l y s i s  techniques. 

1) A l l  su r f aces  are considered t o  be semigray 
(accounts f o r  absorp t ion  and r e f l e c t i o n ,  b u t  no 
emission i n  the  u l t r a v i o l e t  po r t ion  of t he  spec- 
trum; accounts f o r  absorption and r e f l e c t i o n  as 
w e l l  as emission i n  the  i n f r a r e d  po r t ion  of the 
spectrum). 

2) Equations w i l l  be developed f o r  use i n  analyzing 
r a d i a t i o n  enclosures cons i s t ing  of d i f f u s e ,  
specular ,  and/or d i f  fuse-plus-specular su r f aces  
using an imaging technique. 
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3) A l l  sur faces  w i l l  be considered t o  emit d i f f u s e l y  
and t o  r e f l e c t  w i t h  d i f f u s e  and specular  compo- 
nents  such t h a t  t h e  r e l a t i o n s h i p  

is s a t i s f i e d .  



4 )  A l l  sur faces  with specular  components of re f lec-  
tance a r e  r e s t r i c t e d  t o  p lanar  sur faces  t o  s i m p l i -  
f y  imaging. 

5 )  Only f i r s t -o rde r  images a r e  considered ( t h a t  is, 
no images of images o r  images i n  images w i l l  be 
generated).  

The development of equations f o r  r ad ia t ion  interchange 
f a c t o r s  follows the  same procedure f o r  both the in- 
f r a red  and u l t r a v i o l e t  por t ions  of the spectrum with 
the  only d i f fe rences  being i n  nota t ion .  Therefore,  
only those equat ions appl icable  t o  the  in f r a red  por t ion  
of the spectrum are developed here .  

Consider a r a d i a t i o n  enclosure cons is t ing  of  N sur- 
faces.  
faces  can be represented by 

The n e t  hea t  f l u x  from any one of these sur-  

N 

‘i,net = ‘ gij k: - T j ‘) 1’1 
where2 
couplesidurface i t o  sur face  j. 

is t h e  r ad ia t ion  interchange f a c t o r  t ha t  

The method of approach t h a t  is appl ied here  i n  the  
development of r ad ia t ion  interchange f a c t o r  (5, ) 
equatione is  an extension of t he  method set f o r t  i! by 

The special 
u t i l i t y  i n  t h i s  formulation is t h a t  i t  y ie lds  coef f l -  
c i e n t s  t h a t  represent  the f r ac t ion  of energy emit ted 
by a sur face  t h a t  is absorbed by another  sur face  
a f t e r  reaching the absorbing sur face  by a l l  poss ib le  
p a t h s .  

Gebhart 1 f o r  purely d i f fuse  enclosures.  

Considering f i r s t - o r d e r  images only,  the  general  
equation f o r  the Gebhart t y p e  absorpt ion f a c t o r s  f o r  
a d i f  fuse-plus-specular enclosure can be  wr i t ten .  
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N 

"j 'j'ij -t 'j 'ks ' i j (k) 
IF1 

N N N  +c 'md Fim 'mj 'E 'md 'a" Firn(k) 'mj ; 
mu1 k=l m = l  

i-1, 2 ,... , N; j=1, 2 ,  ... N (VI-2) 

By means of a term by term examination, Equation VI-2 
can be in t e rp re t ed  as follows: 

The f r a c t i o n  o f  t h e  energy leaving sur face  i t h a t  i s  
f i n a l l y  absorbed by sur face  j equals  t he  sum of :  

t h e  energy t h a t  goes d i r e c t l y  from sur face  i t o  
j and is absorbed, 

the  energy that goes from sur face  i t o  sur face  j 
by a l l  poss ib le  f i r s t - c r d e r  specular  r e f l e c t i o n s  
and is absorbed, 

t h a t  f r a c t i o n  of t h e  energy t h a t  goes d i r e c t l y  
from sur face  i t o  each of the  sur faces  i n  the 
enclosure,  f i n a l l y  a r r i v e s  a t  sur face  j by a l l  
poss ib le  pa ths ,  and is absorbed, and 

t h a t  f r a c t i o n  of the  energy t h a t  goes from su r -  
face i t o  each of t h e  sur faces  i n  the enclosure 
by a l l  poss ib le  f i r s t - o r d e r  specular  r e f l e c t i o n s ,  
thence t o  su r face  j by a l l  poss ib le  paths ,  and 
is absorbed. 

Rearranging t h e  terms i n  Equation VI-2, y i e l d s  
N 

i=1, 2 , . . . ,  N; j-1, 2 . . . ,  N (VI-3) 
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Equation VI-3 can be f u r t h e r  e impl i f ied  by def in ing  an 
"image f ac to r "  (eij) as that f r a c t i o n  of t he  energy t h a t  

leave  su r face  i and a r r i v e s  a t  su r face  j both d i r e c t l y  
and by a l l  poss ib l e  f i r s t - o r d e r  specular  r e f l e c t i o n s ,  
SO t h a t  

N 

+ij - pi, + 

i-1, 2,..., 

Subs t i t u t ion  of 

"j - Ej+ij  

k= 1 'ks 'ij(k); 

N; kp1, 2 ,..., N. (VI-4) 

Equation V I  -4 i n t o  Equation VI-3 y ie lds  
N 

Rearrangement of t he  terms i n  equat ion VI-5 y i e l d s  

(VI-5) 

(VI-c, 

Equation VI-6 can be represented i n  matrix form as 

( V l - 7 )  

where D 1 3  an N x N c o e f f i c i e n t  matr ix  with a general  
element 

The systems of equations represented by VI-7 can be 
solved by matr ix  inversion t o  ob ta in  t h e  absorpt ion 
f a c t o r s  (e  ) 

i j  

The r a d i a t i o n  interchange f a c t o r s  (3ij) are r e l a t e d  

t o  absorpt ion f a c t o r s  by t h e  expressjcn 

%, = cl'ij' 

(VI-8) 

(VI-9) 

(VI- 10) 

37 



and, us ing  the usual  arguments f o r  t b z  conservation 
of energy, the r ec ip roc i ty  r e l a t i o n  f o r  t he  N2 values  
of sij is 

Ai sij = A j  3 j i  (VI-11) 

The foregoing equations apply t o  r a d i a t i o n  enclosures  
cons i s t ing  of any combination of d i f f u s e  and specular  
sur faces  ranging from t o t a l l y  d i f f u s e  t o  t o t a l l y  specu- 
l a r  enclosures .  

B. OUTPUT DATA PLOTTER SEGMENT 

The output d a t a  p l o t t e r  segment i s  a general ized p l o t t i n g  
package set  up t o  r e t r i e v e  da t a  from out  of  core  s to rage  
f i l e s  and generate  X v s  Y p lo t s .  Convenient input ins t ruc-  
t i o n  i s  provided t o  & t a i n  t h e  following types of p lo t s :  

c zSsorbed o r  incident  heat  f luxes ;  
* absorbed o r  incident  heat  rates. 

The choice crf s o l a r ,  albedo, or p lane tary  is  a v a i l a b l e  or  
the  sum of a lS .  Plso, t h e  ind iv idua l  s o l a r ,  albedo, and 
planetary curves may be r 'otted along with t h e  t o t a l  on 
the  same frames. 
wr i t i ng  the  l o g i c  t o  loca t e  s a i d  da t a  i n  p l o t t e r  access ib l e  
s torag?  f i l e s .  The da ta  p l o t t e r  uses a soph i s t i ca t ed  curve 
f i t  rou t ine  using the  method of tangents.  
t o  handle the  d i s c o n t i n u i t i e s  common i n  o r b i t a l  heat  data .  
A s t r a i g h t  l i n e  curve f i t  is an option. The d a t a  p l o t t e r  
segment was developed 53sed on the  p l o t  capab i l i t y  of !TRAP 
1. 
nien t  p l o t  con t ro l  input .  

P lo t s  oL: any o t h e r  d a t a  may be obtained by 

Logic is provided 

New log ic  was wr i t t en  t o  provide gene ra l i t y  and conve- 

C. TRAJECTORY TAPE CAPABILITY 

Capabi l i ty  t3 use a t r a j e c t o r y  tape t o  def ine  t h e  space- 
craf t-planet-sun geometric r e l a t  tonship was provided by 
wr i t i ng  two subrout ines ,  DITTP and DITTPS t h a t  are ca l l ed  
d i r e c t l y  by the user .  Since no s tandard exis ts  f o r  t r a j e c -  
tory t apes ,  t h i s  subrcut ine was w r i t t e n  ~3 t h a t  t he  user  
could,  i n  e f f e c t ,  def ine h i s  t r a j e c t o r y  tape format with an 
i n i t i a l  c a l l  t o  DITTP. A t  subsequent po in ts  i n  the  t r a j ec -  
t o ry ,  c a l l s  t o  DITTPS are made wi th  only mission time as an 
argument. The only l i m i t a t i o n  t o  the approach used i s  thd t  
the t r a j e c t o r y  tape  must def ine  t h e  sun and loca t ions  
i n  terms of look angles.  
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V I I .  PROGRAM INCREMENT 3 DEVELOPMENT 

Program increment 3 was fieveloped over the  period from October 
1Q73 2hrough March 1974. This increment consis ted o f  8 sprie,s 
O K  improvements i n  input  and output c a p a b i l i t y ,  toge ther  wi th  a 
major conversion e f f o r t  t o  allow TIWSYS t o  run on IBM 370 s e r i r e  
operat ing systems. 

A. MODIFICATION OF LARGE BLOCr(S OF SURFACE DATA 

Running l a r g z  TRASYS models i d e n t i f i e d  the need f o r  a conve- 
nient  means t o  change the  u n i t  of length used in 3locks of 
sur face  da ta .  
sur face  i d e n t i f i c a t i o n  numbers would ease t h e  labor  of merg- 
ing icdependently developed TRASYS models together .  

These functions were provided by wr i t i ng  preprocessnr  rou t ines  
t h a t  recognize spec ia l  cards  i n  the  surr'ace d a t a  b l o r l  and 
process the  sur face  da t a  accordingly.  
countered i n  the x r f a c e  da t a ,  a l l  licear dimension d a t a  and 
values found on the  sur face  d a t a  cards  following are mul t ip l ied  
by a f a c t o r  found on the  Pcarc!. ALL sur faces  d i l l  be thus 
modified u n t i l  another D-chrd, with a w t h e r  i nu l t i p l i e r ,  is en- 
countered. When an N-card is encountcrcd, a l l  sur face  and node 
numbers on the  cards  following are :,:rang,..! by e posit ivi? o r  
negative in teger  increment found on the N-:ard. Thin process 
i s  terminated o r  changed by another N-card. 

Also, a convenient means t o  change t h e  model 

When a D-card is en- 

B .  ADDED SURFACE DATA INPUT OPTIONS 

Preprocessor code was w r i t t e n  t o  recognize two add i t iona l  
types of sur faces .  Both types r e l a t e  t o  sur faces  previously 
def ined i n  the  sur face  da ta ,  and are bas i ca l ly  a shorthand 
means of svr face  d e f i n i t i o n .  
a sur face  i d e n t i c a l  t o  a previously input  su r face  is con- 
s t ruc t ed ,  with exceptions dofined by the  user .  
uae of DUP sur faces  is t o  allow i d e n t i c a l  p a r t s  of a configura- 
t i o n  to be defined but once, and then  located as des i r ed  using 
the 3UP option. 

'&.en a DUP su r face  i s  encountered, 

The primary 

IMAGE sur faces  a r e  s imi l a r  t o  DUP sur faces  except t ha t  they 
a r e  mirror  images of  a previously def ined surface.  
t e r i s t i c s  of t.le imaged sur face  may be redefined f o r  the  
image except geometric shape and size.  The imaging plane is 
defined using three  Car tes ian  coordinate  poin ts  input  as il 

spec ia l  surface.  

Any charac- 
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C. AUTOMATIC NODE PLOTS 

A t  computer i n s t a l l a t i o n s  where an i n t e r a c t i v e  graphics mode 
on remote terminals is  not ava i l ab le ,  the  t i m e  required t o  
obtain p l o t  output is sometimes excessive.  This led  t o  a 
need t o  provide p i c t o r i a l  p l o t s  of problem geometry even i f  
surface da t a  input errors did not allow a p l o t  of a l l  the 
input surfaces .  

This capabi l i ty  was provided 5y wr i t i ng  preprocessor code 
t h a t  processes and s to red  un f lmed  sur face  d e f i n i t i o n s  at 
the  use r ' s  opt ion,  for an automatic execution of the  NPLOT 
processor segment. 
because a bas ic  premise of TRASYS design was t h a t  a complete 
and e r r o r  f r e e  preprocessor execution must precede any proc- 
essor  segment executions.  

This required a r a t h e r  extensive change 

When t h e  e r r o r  p lo t  op t ion  is ac t iva t ed ,  and sur face  e r r o r s  
are encountered, the  use r ' s  operat ions d a t a  input i s  voided 
and a subb t i tu t e  operat ions d a t a  block i s  w r i t t e n  by t h e  pre- 
processor. This operat ions da t a  provides f o r  four automatic- 
a l l y  sca led  node p l o t s  of each subblock of t he  sur face  da ta .  

D. ArJTOMATIC ORBIT GENERATION 

The spec ia l ized  operat ions d a t a  block language used t o  d i r e c t  
TRASYS prohlem so lu t ions  provides t h e  general ized capabi l i ty  
aecessary t o  cope with b x i a b l e  geometry and r eo r i en ta t ion  
i n  o r b i t .  It is, however, somewhat tedious t o  w r i t e  the  
log ic  t o  s t e p  through 12  o r  more poin ts  i n  o r b i t ,  espec ia l ly  
when the  planet  shadow points  are not known. 

The automatic o r b i t  generat ion,  o r  ORBGEN opt ion was generated 
t o  e l iminate  t h i s  problem. 
by 4 preprocessor rout ines  that: w r i t e  extensive blocks of 
operat ions da te  Llock code and pass i t  on with the  remainder 
of the user's operat ions da ta  block. 
ta in ing  i n i t i a l  and f i n a l  t r u e  anomaly va lues ,  number of 
poin ts  desired and a mnemonic ident i fy ing  the  o r b i t  type is 
encountered, the ORBGEN rout ines  wr i t e  the necessary code. 
Four o r b i t  options a r e  allowed: i n e r t i a l  (sun o r  star) 
or iea ted  i'or any o r b i t ,  p lanet  o r i en ted ,  planet  or ien ted  i n  
c i r c u l a r  o r b i t ,  and no planet  (he l iocen t r i c ) .  

The ORBGEN funct ion is supplied 

When a s ing le  card con- 

E. SWDOWER ONLY SURFACES 

A shaaower-only surface is one tha t  i s  so f a r  from the region 
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of  thermal i n t e r e s t  t h a t  t he  ana lys t  has no i n t e r e s t  i n  
its temperature, per  sea but d e s i r e s  only t h a t  i ts e f f e c t s  
on other parts of the problem be accounted for .  

This funct ion w a s  provided by allowing ONLY as an opt ion  
f o r  t h e  SIiADE/BSWE f l a g  i n  su r face  de f in i t i on .  
i d e n t i f i e d  as such are added to t h e  end of  t h e  node a r r ay  
and provide f o r  blockage only i n  the form f a c t o r  and direct 
i r r a d i a t i o n  l inks .  They appear nowhere i n  the program out- 
put.  The energy conservat ion aspects of  shadover-only sur- 
faces  are provided f o r  as follows: 

Surfaces 

1. Form f a c t o r s  from a general  node i to a shadover-only 
su r face  are sumoaed and added to  Fii. 

Incoming i r r a d i a t i o n  is blocked by shadawer-only sur- 
faces.  
sur faces  reduce the  form f a c t o r  to  space of  t he  general  

This i n f e r s  that - Tshadowers - Ti- 

2. 
Outgoing r ad ia t ion  is also blocked because these  

- node i. This too i n f e r s  t h a t  Tshadowers - Ti. 

F. RADIATION METCJORR SIMPLIFICATION 

The number of r a d i a t i o n  conductors t h a t  can r - su l t  from a 
1000 node enclosure can approach 500,000. This is f a r  i n  
excess of  t h e  capac i ty  o f  cur ren t  thermal analyzer  programs 
both from the  s tandpoint  of compute memory and the  r e s u l t i n g  
run time. A program segment was developed to  allow t h e  u s e r  
t o  cont ro l  t h i s  problem with two methods that provide an 
approximation t o  t h e  r ad ia t ion  interchange of  l a r g e  enclosures  

The f i r s t  of these  methods, r e fe r r ed  t o  as t h e  Mult iple  En- 
c iosure  S impl i f ica t ion  Shie ld  (MESS) technique, ' , allows a 
l a rge  r a d i a t i o n  enclosure t o  be modularized i n t o  d i s c r e t e  
subenclosures by the  ass?.gnment of imaginary i n t e r f a c e  
s h i e l d  nodes. 
independently of t he  o thers .  

Each of these  smaller nodes can be analyzed 

The second method, r e fe r r ed  t o  as t h e  Effec t ive  Radiation 
Node (ERN) technique, i s  used t o  reduce the  number of radia- 
t ion conductors required t o  thermally model an enclosure ................................................................. 

'Chapter, J .  J .  and Connolly, J .  M. ,  "Simplified Radiation Analy- 
sis Using Modularized Enclosures," Journal of Spacecrafe and 
Rockets, Vol. 8, No. 9, September 1971, pp. 1006-1008. 

'Chapter, J. J. and Connolly, J.  M. ,  "Radiation Condenser-User's 
Manual," Technical Memo 0478-71-16. 
Denver, Colorado, Apr i l  1971. 

Martin Mariet ta  Corporation, 
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(or subenclosure) by rep lac ing  small conductors from each 
r -  
EN4 

wi th  a single conductor coupled t o  t h e  enc losure ' s  

1. Radiation Condensor Theory 

I n  t h i s  sec t ion ,  the  symbol F denotes t h e  general  grey 
body rad ian t  interchange ;actor.  The Multiple Enclosure 
S impl i f i ca t ion  Shie ld  (HESS) technique and the  Ef fec t ive  
Radiation Node (ERN) technique are independent and can 
be  discussed separately. Consider an N-node r a d i a t i v e  
enclosure t h a t  forms a sec t ion  of a complex thermal 
model. 
mal  r ad ia t ion  coupling and the  appl ied head load, Qi 
(assume tha t  heat  loads  r e s u l t i n g  from conduction and 
convection are included i n  Qi). 
a t u r e  of node i is then given by 

The temperature of node i is a funct ion of ther- 

The s teady-state  temper- 

t 
(VII-1) Ti = k c A i F t j T j  4 + Q ) / g g A i  Fiji 

a. ERN Technfque 

In applying the  ERN tectmique, t h e  m c l o s u r e  r a d i a t i o n  
conductors f o r  t h e  i t h  node are divided i n t o  P pr i -  
m a r y  and N-P secondary couplings. The sumrPatfoa term 
i n  the numerator of Equation (MI-1) can then be 
w r i t t e n  as follows: 

i 

D 

4 
1 .+l  AiFillTQ 

(VII- 2) 

The number of r a d i a t i o n  conductors can be reduced 
by arranging the conductors i n  decreasing prder  of 
the  numeric value (A F ) and replacing the  second- 
ary coupling summatibnidf Equation (VII-2) with a 
s i n g l e  conductor coupled to  an ERN. That is ,  
N r N  1 

(VII-3) 

42 



The EBN temperature is  ca l cu la t ed  by t h e  thermal analy- 
zer  program as a steady-state node temperature based on 
a fourth-power conductor weighted average of the  enclo- 
su re  node temperature us ing  the  secondary conductors. 

Using t n e  r e l a t ionsh ips  of Equations (VII-2 and (V1I-3l9 
the  approximate i t h  node temperature can be w r i t t e n  
from Equation ( V I I - 1 )  as a funct ion of  t h e  EBN tempera- 
ture.  

= 1 “ A i W a  + (k “‘pi+l .Ai..) b4 + Q] / 
JE1 aAiFif 

N (VII-5) 

b. Application of t h e  ERN tecliniqJe 

The s i g n i f i c a n t  r ad ia t ion  f r a c t i o n  def ined by t he  
r e l a t ionsh ip  

RFRAC = 2 Q AiF,,/AaA i F i j  (VII- 6) 
k= 1 j‘1 

is spec i f i ed  by the  user .  
duc tors ,  P 

f o r  a given node u n t i l  t he  sum is g r e a t e r  than the  
f r a c t i o n  RFRAC of t h e  s u a  of a l l  conductors t o  t h e  
node. That is, 

M 

The number of primary con- 
is  determined by summing conductor va lues  i’ 

(VII-7) 

A l l  primary and reverse  d i r e c t i o n  conductors are 
flagged t o  be used i n t a c t .  The secondary conductors 
f o r  each node are summed t o  determine the  conductor 
value f o r  t h e  node-to-ERN coupling. 
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Since  t h e  e r r o r  i n  t h e  approximate temperature is a 
func t ion  of t h e  enclosure temperature band, t h e  ERN 
technique r e s u l t s  can be improved if nodes t h a t  devi- 
ate s i g n i f i c a n t l y  from t h e  average temperature of t he  
enclosure are n o t  coupled t o  t h e  ERN. These ana lys t -  
defined nodes are re fe r r ed  to  as s p e c i a l  nodes. 

The percentage reduct ion  i n  enclosure conductors and 
subsequent network error as a r e s u l t  of applying t h e  
ERN technique is con t ro l l ed  by t h e  a n a l y s t s  s e l e c t i o n  
of a n  RFRAC va lue  cons i s t en t  wi th  known accuracy of 
problem parameters (enclosure geometry, su r f ace  op- 
t i ca l  p rope r t i e s ,  etc). 

Experience has shown t h a t  the  g r e a t e s t  percentage re- 
duct ion  in conductors r e s u l t s  f o r  enclosures wi th  more 
than 75 nodes, s i g n i f i c a n t  shadowing and lov emit- 
tance  sur faces .  An RFRAC value  of 0.7 has been found 
t o  r e s u l t  i n  a s i g n i f i c a n t  reduction i n  conductors 
with acceptab le  e r r o r  f o r  t y p i c a l  r a d i a t i o n  enclosures.  

c. MESS Technique 

The MESS technique provides t h e  ana lys t  w i th  a means of 
d iv id ing  a r ad ia t ion  enclosure i n t o  an  a r b i t r a r y  number 
of  subenclosures. MESS node p a i r s  are defined by t h e  
ana lys t  a t  the  i n t e r f a c e  between subenclosures as two 
planar  su r faces  wi th  the  property of absorbing and emit- 
t i n g  a l l  energy inc ident  upon them (black sur faces) .  
Consider an N-node subenclosure, n ,  as shown i n  Figure 
VII-1 where s u b s c r i p t s  r ' a n d  r' r e f e r  t o  t h e  MESS node 
p a i r  o f  t he  n t h  and j t h  subenclosures, respec t ive ly .  
Temperatures i n  n are a f f ec t ed  by bs 
s e n t s  the average thermal e f f e c t  of t he  j subenclosure 
nodes on the  nodes of n. 
Equation (VII-2) include conductors t o  MESS nodes. For 
a genera l  subenclosure,  n ,  with Rn i n t e r f a c e  MESS nodes, 
t h e  primary r a d i a t i o n  coupling summation fo r  node i is 

t h a t  repre- 
r' 

The primary conductors of 
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unnttt A D T ~ X ? ~  F' 

Legend : 

,-- One-Way Conductors 

Conductors P 

Figure VII-1 MESS Technique One-way Conductors 
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An energy balance on MESS node r' gives  

k R  +1 J 

oAr'Fr'k + a A  r 

represents  t h e  r e f l e c t i o n s  between n and j due t o  
' 'r'r 

nonblack subenclosure su r faces  and is obtained from t h e  
r a d i a t i o n  interchange matrix for each subenclosure. 

The approximate temperature of t he  i t h  node is obtained 
from Equation (VII-5) us ing  Equation (VII-8) as 

(VII-9) 

(VII- 10) 

The e r r o r  i n  T 
of ERN secondary conductors,  temperature band of t h e  
subenclosure nodes, and the  number of subenclosurss.  In  
a var i e ty  of problems s tud ied ,  the e r r o r  has been found 
t o  be negl ig ib le .  

is a complex funct ion of the  percentage i 

46 



d. Applicat ion o f  t h e  MESS Technique 

Generation of MESS oxle-way conductors from t h e  sub- 
enclosure r ad ian t  interchange matrix requi res  t h a t  
t he  ana lys t  spec i fy  the  i n t e r f a c e  MESS node pa i r s .  
As node conductors are generated MESS nodes are 
flagged and appropr ia te  one-way ,.mductors are 
generated fo r  use  i n  t h e  thermal analyzer  program. 

The l oca t ion  of MESS node p a i r s  i n  an enclosure is 
influenced by: 

1) 
2) geometric considerat  ions; 
3) expected thermal grad ien ts ;  and 
4) 

t he  number of  subenclosure sur faces ;  

t he  number o f  ana lys t s  ava i l ab le  t o  work on the  
enclosure.  

Optimum reduct ion in form f a c t o r 6  and conductors oc- 
cu r s  i n  l a r g e  enclosures  divided so t h a t  t h e  suben- 
c losures  conta in  approximately equal numbers of nodes. 
For enclosures  divided i n t o  two approximately equal  
subenclosures,  up t o  50% reduct ion in t he  number of 
form f a c t o r s  and conchctors can be expected. 

e. ERN/MESS Application 

The ERN and MESS techniques can be appl ied sepa ra t e ly  
o r  simultaneously as the  p a r t i c u l a r  problem d i c t a t e s .  
When they are appl ied simultaneously,  an ERN is de- 
f ined f o r  each subenclosure and t h e  MESS nodes are 
considered to  be spec ia l  nodes, t h a t  is, MESS nodes 
are not coupled t o  t h e  ERN. 

G .  EQUIVALENT FORM FACTORS 

Many rad ia t ion  enclosures involve geometry t h a t  is symmetric 
i n  some manner and many, t he re fo re ,  have many form f a c t o r s  
t h a t  are exac t ly  equivalent  t o  otLer form f a c t o r s  because 
t h e  node pairs involved are the  same s i z e  and shape and "see" 
each o ther  i n  t h e  same way. The ana lys t  can i d e n t i f y  these  
s i t u a t i o n s ,  and i f  he can conveniently en ter  t h i s  information, 
a considerable  amount of computer t i m e  may be saved i n  form 
f a c t o r  computation. 
gram increment 3 by a modif icat ion t o  the  da t a  processing 
rou t ine  assoc ia ted  with t h e  form f a c t o r  da t a  hlock, and a 

This c a p a b i l i t y  was provided under pro- 
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modification t o  the  form f a c t o r  computation segment tha t  
recogniees and u t i l i z e s  the  equivalent form f a c t o r  data. This 
requi red  an add i t iona l  disclrlrum s to rage  f i l e  i n  the proc tssor .  
A random access technique was used f o r  s to rage  and r e t r i e v a l  
so t h a t  equivalent form f a c t o r  capab i l i t y  is handled very 
e f f e c i e n t l y  from a processing rime s tandpoin t  

€I. PROCESSOR LIBRARY IMPROVEMENTS 

1. Approximate Radiant Interchange Factors 

A user c a l l a b l e  subroutine was w r i t t e n  t h a t  computes grey 
body interchange f a c t o r s  according t o  t h e  f i r s t  o rde r  
approximation : 

where : 

PROPI and PROPJ are the  d i f f u s e  su r face  p rope r t i e s ,  s o l a r  
a b s o r p t i v i t y ,  or i n f r a r e d  emiss iv i ty .  

9 
tw& su r faces  i and j . 
F is t h e  form fac to r .  

is t he  approximate r ad ian t  interchange f a c t o r  be- 

1) 

This equation accounts f o r  t he  d i r e c t  path between i and 
j and ignores t h e  r e f l e c t i o n  pa ths  i w o l v i n g  the  remain- 
ing nodes i n  the  enclosure. I t  is, of course, exac t  fo r  
a b lack  enc losure  (PROPI = PROPJ = 1.0 f o r  a l l  i, j) and 
g ives  a reasonable approximation i f  the su r face  p rope r t i e s  
are a l l  0.8 or grea te r .  A c a l l  t o  t h i s  subroutine i n  l i e u  
of executing the  grey body computation segrisnt w i l l  gener- 
a t e  the  approximate grey body f a c t o r s  and s t o r e  them i n  
the  same manner as GBCAL. 
i n  processing time i f  the problem s i z e  is g r e a t e r  than 
200 nodes. 

There i s  a s i g n i f i c a n t  saving 

2. Data Kodification Routines 

A s e r i e s  of user -ca l lab le  sub rou t i r e s  were developed 
tha t  enable the ana lys t  t o  change c e r t a i n  t y p e s  of da ta  
during the executjon of h i s  problem. The rout ines  allow 
changes i n  su r face  da t a  parameters, t h u s  providing a 
convenient way t o  perform many types of parametric stud- 
i e s  without t h e  necess i ty  of making multiple r u n s .  

48 



3. 

Deleting t h e  da t a  modification c a l l s  from t h e  operat ions 
da t a  block is a convenio,nt and foolproof way t o  r e tu rn  
the model to base l ine  status. The modif icat ion rout ines  
allow changes i n  the  following node/surface propert ies :  

- A r e a ;  - Diffuse IR emiss iv i ty  and/or solar abso rp t iv i ty ;  - Specular IR and s o l a r  r e f l e c t i v i t y ;  - IR and/or solar t r ansmiss iv i t i e s ;  - Shade/beshade f l a g s .  

A l l  d a t a  modification calls use t h e  node I d e n t i f i c a t i o n  
number and t h e  new va lue  desired as arguments. 
change rou t ine  has a s p e c i a l  "all" option t h a t  results i n  
a l l  t h e  a c t i v e  areas being a l t e r e d  by a comon mul t ip l i e r .  

The area 

Thermal Analyzer I n t e r f a c e  Tape 

In order  t o  take advantage of a l l  t h e  input op t ions  a v a i l -  
a b l e  f o r  t h e  SINI)A thermal analyzer  program, a s  w e l l  as 
any opt ions  that may be developed i n  t h e  fu tu re ,  it was 
decided t o  provide a completely general ized output capa- 
b i l i t y  f o r  TRASYS. New output rou t ines  were wr i t t en  that 
generate  a binary output tape that  conta ins  t h e  following 
data: 

- Processed su r face  da t a ;  - Form f a c t o r s ;  - Grey body f a c t o r s ;  - Direct f luxes ;  
- Absorbed hea ts  ; - Correspondence data .  

Using t h i s  tape,  an i n t e r f a c e  program, o r  rou t ines  i n  
SINDA - t s e l f ,  can be used t o  process t h e  da ta  i n  any way 
des i red  and pass it on f o r  thermal analysis. 
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I. DIRECT IRRADIATION W I T H  SPECULAR-DIFFUSE SURFACES 

During t h e  development of program increment 3, t h e  d i r e c t  ir- 
r ad ia t ion  segment was modified so t h a t  the  e f f e c t s  of the  sun 's  
image i n  t h e  specular  su r f aces  is accounted f o r  i n  t h e  compu- 
t a t i o n  of d i r e c t  f luxes .  T h i s  is  an improvement over t h e  ap- 
proach used i n  program increment 2, where specular  e f f e c t s  
were accounted f o r  only i n  t h e  computation of absorbed heats .  

1. Development of Incident  Flux Equations 

a. Nomenclature 

= form f a c t o r  from su r face  i t o  t h e  sun, Fis 

FLa(k) = form f a c t o r  from su r face  i t o  t h e  image of 
t h e  sun in se r f ace  k, 

= form f a c t o r  from t h e  sun t o  sur face  i, Fsi 

Fsi(k) = form f a c t o r  from t h e  image of t h e  sun i n  
su r face  k t o  su r face  I, 

= inc ident  f l u x  on sur face  i, q i  

S = s o l a r  cons tan t ,  

b. Incident Solar  Flux 

Considering f i r s t - o r d e r  images only,  t he  equation f o r  
t h e  t o t a l  s o l a r  energy incident  upon i can be wr i t t en  

N 

k= i 

By r ec ip roc i ty ,  

AsFsi = * i F i S  

Also, observe that  

- - 
AsFsi (k) AsFs (k) i 

and ,  by r ec ip roc i ty ,  

A s F s i ( k )  - AsFs (k) i = *iFis (k) 
- 

( V U - 1 1 )  

(VI 1-1 2) 

(VI 1-13) 

(VI 1-14) 
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Subs t i t u t ing  Equations (VII-12) and (VII-14) i n t o  
Equation ( V I I - l l ) ,  d iv id ing  by Ai, and c o l l e c t i n g  

terms, y i e l d s  t h e  des i red  equation f o r  s o l a r  f l u x  
inc iden t  upon su r face  i. 

N 

k=1 

Solu t ion  of Equation (VII-15) by TRASYS has t h e  e f -  
f e c t  of increas ing  th-  inc ident  s o l a r  f l u x  on each 
of t h e  su r faces  t h a t  can "see" images of t h e  sun i n  
specular  su r f  aces. 

c. Inc ident  Albedo and Planetary Fluxes 

During t h e  development of t h e  specular -d i f fuse  capa- 
b i l i t y  i n  t h e  TRASYS program, i t  was decided by t h e  
con t r ac to r  that t h e  small improvement i n  accuracy to  
be gained by t ak ing  specular  r e f l e c t i o n s  of albedo 
and p lane tary  f l u x e s  i n t o  account d id  not j u s t i f y  t h e  
s i g n i f i c a n t  i nc rease  i n  computer run time. 

For example, i n  t h e  case  of a sun-oriented veh ic l e  
- b i t i n g  a p lane t ,  t h e  time t o  compute albedo and 

p lane tary  f l u x e s  was a l ready  much g r e a t e r  than t h a t  
required t o  compute s o l a r  f l uxes .  
one specular  su r f ace  would approximately double t h i s  
time, two specular  su r f aces  would t r i p l e  i t ,  e t c .  
Therefore, specular  r e f l e c t i o n s  of albedo and p lane tary  
f luxes  have been ignored. 

The a d d i t i o n  of 

J. CONVERSION TO IBM 370 

Conversion of TRASYS involved accomplishing t h e  following 
major t a s k s  : 

1. Converting a r r a y s  containing H o l l e r i t h  information of up 
t o  s i x  cha rac t e r s  p e r  word i n t o  e i t h e r  doubly-dimensioned 
arrays o r  double prec is ion  v a r i a b l e s  i n  order t o  compensate 
for t h e  four cha rac t e r s  per  word ava i l abe  on IBM. The use 
of s h i f t i n g  opera t ions  and/or packing of words made it 
impossible t o  do a mass double p rec i s ion  of a l l  v a r i a b l e s  
t o  compensate f o r  t h i s  ch?+ ic t e r  manipulation problem. 
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The masking, s h i f t i n g ,  packing, and unpacking of a r r a y s  
and da ta  a l l  had to  be modified t o  compensate f o r  t h e  
d i f f e rence  i n  word size, numher of charac te rs  pe r  word 
and t h e  octal/hexadecimal d i f f  erence. 

2. A l l  d i s k  and t ape  files had t o  be  redefined and IBM job  
con t ro l  language d e f i n i t i o n s  had t o  be made f o r  each 
ind iv idua l  f i l e .  Some f i l e s  t h a t  were defined as both 
Binary and BCD had t o  be broken down i n t o  seve ra l  ind i -  
v idua l  f i l e s .  The CDC and UNIVAC machines a r e  a b l e  t o  
use Ho l l e r i t h  desc r ip t ions  with executable statements.  
of these  statements had t o  be converted through the  use 
of DATA statements. 

A l l  

3. A rou t ine  had t o  be  wr i t t en  t h a t  would allow the  program 
t o  process da t a  t h a t  was punched e i t h e r  i n  BCI) o r  EBCDIC 
so as not  t o  require t h e  repunching of a l l  da ta  decks. 

4. All mult ip le  tape and d i sk  f i l e s  had t o  be redefined and 
pseudo end of f i l e s  used. This was t o  allow t h e  program 
t o  run without having t o  de f ine  a l l  m u l t i f i l e  da ta  s e t s  
i n  the  job  con t ro l  language stream. 
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V I 1 1  . PROGRAM EVALUATION .W OPTIMIZATION 

Short ly  a f t e r  del ivery of program increment 1 and the accompanying 
user's manual, TRASYS began t o  be used i n  the engineer ing thermal 
ana lys i s  environment. A t  t h a t  t i m e ,  TRASYS consis ted of approxi- 
m a t e l y  30,000 FORTLN cards ,  and, not  su rp r i s ing ly ,  program bug8 
began t o  turn up a t  a vigorous frequency. 

It would se rve  no purposc t o  at tempt  t o  enumerate a l l  t he  program 
"fixes" t h a t  were made. 
s p e l l e d  f l a g s  and program var iab les  and minor l o g i c  e r r o r s .  The 
one area t h a t  can be  s ingled  out  as bene f i t i ng  most from program 
evalua t ion  was the  rout ines  t h a t  process Chrtesian coordinate  
po in t  input  f o r  sur face  d e f i n i t i o r .  Fa i r ly  ka jor  rewrites were 
iIecessary i n  some of t h i s  code before  t h e  users  could depend on 
h e i r  po in t  input  g e t t i n g  i n t o  the processor  without problems. 

The majori ty  were a vcr ied  mix of m i s -  

Against t h i s  background of con t inued bug e l imina t ion ,  s eve ra l  
areas were i d e n t i f i e d  where opt imizat ion w a s  d e f i n i t e l y  warranted. 
Some of these  were placed f n  the  statement of work goverr-ing 
pr0gra.a increment 3. 
w a s  accornplishea a r e  descr ibed i n  the following sec t ions .  

Three add i t iona l  a reas  where optimizat.ion 

1. Matrix Inversion 

TIie o r i g i n a l  matrix inversion rout ine  ived i n  the  grey- 
body f a c t o r  segment w a s  based on a l g o r i t h m  developed i n  
an environment tjhere there  was no charge. f o r  the opera- 
t i o n s  necessary t o  t ransfe ,  d a t a  i n  and out  of core  
memory. 
pu te r  Center i n  l a te  1973 and it  suddenly became cost-  
p roh ib i t i ve  t o  i n v e r t  the matrix assor l - ted  with a 300. 
node problem then i n  work. 
was rewr i t ten  using a blocking technique to  do as many 
operat ions a s  poss ib le  i n  core between 1/0 operat ions.  
This allowed the 300 node problem t o  run in-core on the 
Martin Mariet ta  6500 computer, using s i x  minutes of 
c e n t r a l  processor time, T h i s  modif icat ion was added t o  
the  NASA-JSC Univac system before  any la rge  problems 
were a t t enp ted ,  so i t  is unknown t o  what ex ten t  the 
Univac vers ion was improved. 

This changed at  the  Martin Marietta/Denver Cow 

The matrix invers ion  rout i i#e  

2. Direct  I r r a d i a t i o n  Data S t c  ,age 

Generation of absorbed hea t  v5 t i m e  t ab l e s  requi res  t h a t  
absorbed hea t  data only be loca ted  i n  out-of-core s to r -  
age f o r  each o r b i t  po in t ,  This was the  i n i t i a l  design 
concept used. Program usage poi-itcd out t h a t  t h i s  con- 
cept  had l imi t a t ions .  
was added, i t  was found t h a t  complete t ab le s  of fluxec 
were never generated unless  the user  wrote h i s  operar ions 

When output  d.1 a p l o t t i n g  capab i l i t y  
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data  s p e c i f i c a l l y  f o r  d a t a  p lo ts .  
the  DICAL segment so t h a t  f luxes  were always placed i n  
s torage.  
of subrout ine DICOMP, which provides t h e  user the  opt ion 
t o  compute, obtain from previously s to red  da ta ,  o r  zero 
out t h s  d i r e c t  i r r a d i a t i o n  d a t a  f o r  a given s tep .  Be- 
s ides  e l iminat ing the p l o t  problem, t h i s  change provided 
a notable  increase  i n  opera t iona l  f l e x i b i l i t y .  

This l ed  t o  changes i n  

Another f ace t  of t h i s  change w a s  t he  generat ion 

- Correspondence Data Storage 

Large-model operat ions a t  JSC pointed o u t  t h a t  the  method 
used t o  s t o r e  correspondence da ta  f o r  use by the  RiKAL 
and QOCAL program segments was i n  e f f e c t  the problem s i z e  
limiter. Thi- das el iminated by removing correspondence 
da ta  from in-core s torage  t o  out-of-core s to rage  i n  a 
random access f i l e .  

4. When polygons were provided as a sur face  ty2e opt ion,  i t  
w a s  recognized t h a t  the user  would never want t o  leave the 
polygons broken down i n t o  t h e  ind iv idua l  t r i a n g l e s  gener- 
a t ed  because of shadowing so lu t ion  l imi t a t ions .  It was 
thought, however, t h a t  the  user  could provide the corres- 
pondence da ta  necessary t o  recombine the occasional  poly- 
gon he might use. This proved an unwarranted assumption, 
however. 
co l l ec t ion  of congruent t r i ang le s )  were made allowable,  
NASA-JSC users generated r e l a t i v e l y  l a rge  models t h a t  con- 
s i s t e d  almost e n t i r e l y  of nonplanar polygons. 
spondence da ta  necessary t o  recombine polygons is now 
automatically generated by preprocessor rout ines  and passed 
on w i t h  the user ' s  correspondence da ta ,  thus,  i n  e f f e c t ,  
automatically combining the individuai  t r i a n g l e s  back 
i n t o  polygons. However, the ind iv idua l  t r i a n g l e s  still 
appear i n  the node p l o t s .  

When "nonplanar" polygons (bes t  described as a 

The corre- 
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